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<S4) Title: SEPARATION OF CHARGED PARTICLES BY A SPATIALLY AND TEMPORALLY VARYING ELECTRIC FIELD 




(57) Abstract 

Ttii* hivcotlon relates to a method and device for separating particles according to their oWnaiviriw in a separation medium by mean* 
of a spatially and temporally varying electric potential. The method takes advantage of the transport of charged particles subject lo an 
electric potential that is cycled between an eff-etato (in whicb the potential j* Oat) and one or more on-tiate*. in which the potential is 
preterably spatially periodic with a plurality of eccentrically shaped stationary weJto, The potential wells are at a constant spatial positions 
in the ©n-stjtfo, Differences In Jiqold-phaae dnfasrvrtiis lead to charged particle separation. A separation medium fills physically defined 
separation lanea (15) in the device. Efcciiodes deposited sixbsta-ttially transvexse to the lanes create the required potential, Advantageously, 
injection ports (lo) allow sample loading and special gating electrodes focus tlx* ramp!* prior to separation- 
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[ ffl # rg l 1 * ti ? ft V * vu * — ^ J* & G + & fc# B & & ^ > ~> * & & * & 
r , fltr IB b# M W ^ m tt , W « tt ^ ^ ^ > > -v ^ 9 * & <r> v >v % =. -e a [c $! 51 

s tt ^ a it> n tkm, Rxfiffim%L*&mi*<piz&n-rz - * ? - «t «r * * tr '> ft 

2 ] (a) Jftfr^^ffi^Sr^;*- — & 1Mb) f^^^~^^$ix 

* /i- * 0S "t* r t b ft 5 , (Dffimn* tr y Y £ & W) # » ffij £ -fr £ 

^SC^o^t, Alt IS B# ffl ft SE M , fl^lf ^ ^7 y i/ t ^ x i /U >^ 

j* \zm 51 $ n & u ^>-" #tfii> Rt/««tt^As«cff , t'^a:ik-t-s "a-?* 

[W^^3] (a) iWt^ + ^ffi^^^^-^^L. (b) «^^«il(C5) 

m m * & & m m k k o r » k -r * *• & . 

> ^ * k Bffi ir z t h ft 9 . m is ffl m w x n , # m fa k » o r e a £ *t 
- * v - « fig , fttf«r«itt^ ^ittk-ra " * * " tt * £ tr '> ft < 

[ is # jg 5 ] aM^^>^^/u^H#rflS^^Ji^^^T-^^*^^»ji-^^ 

[ M * * 6 ] Itlfcmfc^toVL**: 7 * — * Z v 7ft. jiff f£ f£ * <£> 
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/u * tc h -r n £ a> b * *9 , iff] 2 «i w X » r± , ^i^^i^^otEi^^iif 

> " #c Ag > R fir 9. tt * a* # HI * * & » i" 3 " * 7 » :|K1>g£$tr'>fc<£fc 

o 

[ if * m 7 ] fifr £ * x 5/ ^ (c) . i&Jo/^y KltiEfitil^ti 1 ^ 

[»**8] (a) ^^^r^^--^^-r6^IS:(b. (b) »«J|Eff«r5:*prtt* 
1 ± <D ft m \y - v t , &T>*(c) mrlEl^ico^glu-^^tc, t$mtkh^^ 

*fc#E»«l*»JIJ l ©»iti»Rt)«JI!2 w»«t**ttIVMca^^5 i 

[ HI * « l 1 1 Sft E IS ft fl *> » Ml tt « tt , WE«««)#*lfclcJBo-Ci«A*r 
[ !» # JS l 2] «ft(H^lf7^ — *^ir^^3>^SP>(c$tfW*^9X« 

[ n * * l 3] *B»7*-*^t^>g >^IStt^ffWt-fl(rEaJio»ic 
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tHHii-6wt*W»i:i-69»**l 2 IE * <D . 

I Mr * « i 4] »B**«>ff7*-*^tittiiinaisi©#*«ic»oti 
[ » * « i si itu ie # m @ *± . tttte&m&m t m&tomm# t <D&te&ik 

l IS * m 1 6 ] Aft IE « S II a £ <b ft 9 , f ^>8iJSC«toTS»i:e^ 

[ « # * 1 7] «r1B»«^-^tt*l - ^&tffg2 C^l^iXT 

*5 V , WIE» l 1 i^I&Vf 2 L, fEf 2 

^ ffi £ W L . iESi *x-^oS2±Sffitl^i:¥Ii:i3^t¥IttwS2i 
*c®£^TL. fift IE SS l ^-/-OftufEfg 1 £3tffi&U<fiufE!g2 *:*-^tf>jiftiE35 

9] IS * m 8 \c IE ft ft fi *s v> x , 
im^m 2 0] 7t-*7«B:^iR$t5^ tJi s t#5 

2 1 ] HufElticiiO^^ — ^7 $ h , itufE^m^T-^lr:/ 

tJl 2 0 CEf co^ic 

[ M # JK 2 2] HtJlElt^f@<7)7^-^^mS(i$b{C N mjfE^^-^^m^ 
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£ it * m 2 o tc e « <n m g o 

[ « * * 2 3] Mie«^f@^^^-^^m^fi. ^ic7)^gtm^^>S:t>*m2 

J: 5i:EtSixtv^wi: t»»it5l»*«2 0 tc fB «& o m S „ 
$tit^5:i:«:1*f8i:t5»*«2 3CEf ^)ito 
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[ 0 0 0 1] 

* tH I I i , 1996^3^ 270 ItimcDKm&WtftmNo. 08/623, 346CO^^^^^T*fe 

w»ffWjNB»<o«^*«(c#llfcttftv^s, *i ^ tf> ^ Id f* ^ * 5 • X* 
[ 0 0 0 2 ] 

* 56 W fi , ^ it a 2P ^. a Wf W 36 Hff (National Institute of Standards ,and T 
echnology){C J: otll^f: f iNo. 70NANB5H 1 036 1£ K<$l/>-C*Hj§feJfiFtf>3:S 
ic J: 9 ft 2 *t <r> X* *> -5 o * B ft JfiF fit , — £<0*t*U 

[ 0 0 0 3] 

[i^^it^si^f ] 
-r^o » ic s * * w » * ^^^fr + ^^m^i^iS^T-^^Btofc^^^&R^^ 

f {:^t5t)Ot$)'9, J; 9 4$ 36 6*H- , DNAia^jfttS^-jRWiWffr ftw 
l£ffloi*«*fcli2*«DNAilt©»*wfcJ()0*SSU58t(:Ht5. 

[ 0 0 0 4 ] 

[ 0 0 0 5 ] 

[ & <D ft flf ] 

it -r s ft * a u n . ***»^wj:9i#t*ffti, r d n a , r n a ^ t 

fl * >- ✓ < ^ m <0 <fc 9 ft & ffc ft ft if 7)5 & -5 (A. J. Kostichka «b , 1992, Bio/Tech 

nology 10:78) o D N A i)t O 8^»©»mJ»!:18 t' fe 6, 
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[ 0 0 0 6 ] 

m 7L tf , e h^/jU^Dv?^^ Hi, 'DNA»frw»*«4»li*ftfti;8t 

5 «> *: & 0 ft BR ft fE HI T* £ o ^/n^/x^ h tt , ifi ii * ffl *t 
a * K JS ft # X-M d°p H ^> BE ?U ft tt S: m «& i" 6 r t? ^ saiss^^it 



[ 0 0 0 7 ] 

2006^ * T* ffi 3 x io 8 «i»itt5t hyME5>lt^4i:»3ttSl:H: 
. lffio.t#4 I ^)4DNAE^*Sl^^fcfcJ:^i oofg «g * a* # B T? fc S (M. 

V.Olson, 1993, Proc. Natl. Acad. Sci. USA 90:4338) o l4<Z)DNASfi ^J^^ 
^fe, 01J X. fi , W S ^ tf i£ (T. D. Wood h , 1995, Proc. Natl. Acad. Sci. USA 92 
:1145lK /N>f y !l ^^^-'>a ^l:J:5EMftSS(R. Drmanacb, 1993, Scie 
nee 260:1649), ^ D "7 h^77^f - (C.G. Hubert, 1993, Nucl. Acids Res. 21 
: 106 1), =£&faW)fe (acoustophoresis) (J. S. Hey man, ^[1^1^^5,192, 4 50 ) 

. ^t/s^T^isii, z <o e ?y ft £ o s at * it at -r 5 fi - jr ft ^ + # -c & 



[ 0 0 0 8] 

_h is <d *■ j£ k tt a * co £ a* *> 3 o w ft » w a «t n * ft w * # «f ft # s 

£>5 Q a^a> 6 & ffl <£> it £> ic , ^^*«fettJ£ttftaffltt«:»oaa^^ft| / % 0 /N^f 
^^-tf-^g y|:J:5EMftSftf4, ^ f: It 8 ft S l< . K^^titv^^^ 

6 ^ . # » ft a* ^ -t- # ft «> k ®\ pi £ ft 5 o sb ft s & n ft i s # » ft > 

150S S *f <fc «9 t> /t S v> Br i: ^ t <o ^ H W S ix r v>6 „ # iS » Mb jfe *s ^ r 
A»)ftll»l*«{:Hi:»ltfctt5t«), * ft ft # St 75 s tt if h ft Z> Z. t (- 
[ 0 0 0 9 ] 



5 o 
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« « » » jfe , DNAE>lftSK:»Lt*t)-jR«4*Stfc5o il co m M 
^S)ft(i^nifcfc^feSffiLtV^(F. Sanger ^ , 1977, Proc. Natl. Acad. S 
ci. USA 74:5463; L.M.Smith, 1993, Science 262:530) o £ i* . DNAKfit, 

ii « . ( Tpcrj ) l:J:ot«fit5 ( t 4 t> t D N A 

i^nst^) a & . ±t*ifs»^tb. in^DN A^y ^ sj^ ( r ti tt 

. SangerbCctott^^fSl^tl/-:) C i o t , 4 ft CO « ft & iff g (ddATP. d 
dCTP, ddGTP, * fc tt ddTTPCO <*f tt 7^ ) <^ I P<7)10 755jjg'&L/L4a^«F*rcO*)tft 
»(0*0 1o-el»J jxfcDNASrlf^^^fy K M & (nested sets)^ri4^ 
■frSo BBilW*»*-*5^^"Ctt, f^^^^iaot^iL, S «s Br >t" £> IS] 

HI<7)^'a^rM^$'it'5 (M. Maxam b , 1977, Proc. Natl. Acad. Sci. USA 74:560) 

[0010] 

DNABr«-(Ot>f XoB3li:^8 4»iaii, co S Sfc J- ft # i" £ ■ W x. tf . 
D N A IE W * J£ J£ tt > .fi^co^S{cJ:oT^^t$ttfc^^^*i-^^T^(7)rl-^ 
M ( r ^ y — J d: t¥ tt H 3 ) £ £ L , lEiift $^)J!I3IS:^S t t5o ^ ^ fill 
CO S ffl j& tt K * IW *: # ft m ^ £ * £ 3 it . ffll lc t >f X S: *]| t 5 *tt tt , 

-r l t s £ (D tt w « ie m -c tt ft v> # , « 4t # s> s „ * co «t e> ft s # & co m m tt 
, ^jpgi^K-^^si ( trflpj ) co * - >- co fls is , it e m # s , mmftm 

^ 4 ? v ^ 7- =7 4 V (microsatellite) ft #r & <K> #L CO ®r ft #f * j£ T* & 6 « 

[0011] 

£ 0 S « tt it *j tt , #^cojEBfe*ffit£it0iJi-£ o DNAcoj;?ft — ilcf I Lfc 
4*K»fi:o^ttt, ttii*ttDNAWfr*o^S«-(O3S^Jt0iJi-s„ ft co 
J; o ft * h — 9 co $x JUI 9 4^W^^tt^i^^^t^^£^co^icilti^iJ^^(7)"C 
. D N a $r # tt . MK&bl*&m — T*n&<Dm^$KW)&W}&&&ftirZ>o z tt tt 

, d n a iur co « « » n ft m tt * h - ? * co & gij \z % o m » * it a * co \&<omw 
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\z *5 l> T tt » L ^ £ ^ 9 C £ ?:t^t6t)^T'fo6o 
[0012] 

I f: ^ o T , ta*iDNA»«l:ii, - JR ft (c, »ff«E*^«;fc«9(cK«y 
^St/^SB^^-SW^ffl^PjtLSo rjfrfc^J&ffc + tMi, m ^ i* ®j f£ if) it 
£ fi S £ £ fi # ^ fi co j# an £ <t tc tt '> -T 6 co r* , d n a * h - * * co isfe iij 

nrH^r? K««t54^y^-y^t"effftt)*i5!J 5 , - w x , d n a ^ t 

liRNAWi 54B«w«f «Si:tt5t#iii»f ©»«fi, # ^ fi I- ft # i" 

5 o y/vf-eii, »M-^>TXjc*f-*-5**«»W:^ b - * * <n m m \z tk # L ft ^ 
^ <h rt> <b , «4 5*SoDNABffr(Ot«*B»i*s^ti:4S. I f: ^ o t , 
£ f* ^ # T- $r it . * # $ as /J* £ ^ fc a> ± # v> t> o co HIM fc K g ^ p> a T <4> < 

[0013] 

— JR #J ft m J* *5 V * T , m m » ©J ^ & , 2ftco^^T*¥ 1 tT^S^^co^^ 
^fiw^lcI^^-htutiEfi^iit^So llfi, -t co * ^ » IS M co M $ft 

, nr«Btt»o*a — -c«>9 ( * fc tt ?s (7) j: 5 - -e * r> ) , * u x v - > & w 
Vk *d E 53U $ ti n Z> <fc o «c + # *d # IK s n r ^ 5 <£> # « * *s £ ^ Q 

[0014] 

i^-*»ill»tt«rWi-5JS — *y^«:f^»"t-S, raatS(cast)j n 

tf±BBtfc5:i:^«flLt^5. ^ ft Pol H co — o , y ;u ^ * % m J; 

II , #J — t'ffStt^ifeSo - y^fi« (w^tcf^^^^fe^^gfgftfcco-ti: 

6 ) ^fH:^t)Sii:t6 0 £vnm.&<D&i&te&m!ftte ( i" ft *, , £j - ft 
r^^coJ:9ft^ii^^) &#+S»««E<*tt#ffltt35«*#i>i:v^5ci:tt--»W 

[0015] 
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co £ {$ jij # # « (c . ia^a«*»^S* Lv^o : C li , » — , # T- £ 

^ -it S <t 0 3* * * « # ?5S ^ H S • L 75* L ft 75* <b , ffi « # , «EESt/5SSfcj: 
0 y /u cd « 6t IN m 755 ± # L T y yu + ^ m M ft ^ ffi ^4C§ 0 t5> t5> 6 ISR *) IB f* 
. »K»»ffi*S&«c»ft5<t5ft*bftsy/u^lS--tt*9l#jBwi- 0 
[0016] 

StEt'^iSi^i^tSfcftl:, W^ftfR$:ct , 9W!*.^^9l^<C^755plflg 
ft <fc 9 , «t 0 /hS l^^i-ft^y/i/^ffl^ P,tL5o L tz ;55 o r x m^faW) & , 
jfti«ClilOOO/i m J: 13 t^^^Ift^^^-^wft^ 5 , ¥firLf:7y7^i 
CO m 25- 1 50 ju m^lBI«S:*)ttfc»tt-+tt-elE**iX , rt^-6(A. J. Kostichka <b , 
1992, Bio/Technology 10:78) o * CO J: 5 ft £ CO ^ — y £ & Si U , * CO £ 5 
(c ft ^ - h * ic * < , sptT-e, ri>o|HII5i<&«ffiLfc«»u->&**fc. 

» ^ co «: ?5> ft oiitfci: <t a* *u ^ 1 1 0 

[0017] 

* , m ^ y ^ *s i-t z> w co j: 5 ft is * jS jk -r £ it $> ic . m m #) ft m * © 755 

u - >- co IK »J £ It ** £ fc d ffl v* *l X v> 6 0 r ix f> ^^1^^ lc J: o T ^ b 
\c — m<omm&±cz>o Wo « W K K SU $ *l tz u - v £ ft 5 * co <t 5 ft * & co - o 

(Cio^-Cfi, 100 /i m*((l|Og^tt5€f «:E^I L 7t fc CO ffl ^ *L T l> S (X. 
C.Huangb, 1992, Anal. Chem. 64:2 149) 0 r. CO J; ? ft ^ *f £: IE L tz fc CO X* fi 

, js - ft y /i- co ifc t» tc & si -r £ co 755 m m x & 0 , ^tff*^£n-7^>yi-£co 
755 is m x h 6 o p - > ^ 755 ffi w -e *> 6 £ ^ 9 r £ fi , »S(Dt ^ ft ( 

^ 755 «t ^ 0 ft 3B t L T , *^ttfciyvu^ffc:bOf;:#Wft#y^-*»*ffl^S 

-£755fc£(P.D.Grossman,#llWfFM5 f 374 f 527-J§-) 0 L L ft 75* <b , •* CO J: 9 
ft *g fi£ (C :fc 5 1 S # W tt , 2001& i*»©DNA«l:IS|P)ll-C*i*), ^ « 
^ CO fl. CO n — >f ^ y ffi jgl ft ^ * X &> 6 (A. E. Barron h , 1993, J. Chroma to 
gr. A 652:3; A . E. Barron b , 1994, Electrophoresis 15:597; RtJY.Kimb, 19 
94, Anal. Chem. 66:1 168) D * CO (tfe CO ft ^ ^ L T , ffi §t * » S «P fC ^ ^ ^ * 
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fV & ^ 4 >? p ii|(raicrofabrication)t^ ~ t lC £ o X m S W E »J £ tt fc U< — 
ytfPSItft^^itfbtlS (D.J.Harrisonb, 1992, Anal. Chem. 64:1926& 
t>*D. J. Harrison P> , 1993, Science 261:895). ffi * « ^ * Eb ^ ^ IE flfe fW IIP 
^ff/i^il?) «t P CEf JtLftS (G.T.A.Kovacsb, 1990, 3 -D y/<ttff0 376 
611 A3& tfD. S. Soane b , * H ft ¥f f& 5 , 1 2 6 , 0 2 2 # ) 0 V ^ 4 1 £ » W) £ -fr 5 8U CO 

HI co «> 9 n W * £ * n 8: ft BE ^1 L fc b co as M iS £ n (w. D. Volkmuth 

*b , 1992, Nature 358 : 600) o 
[0018] 

- > >f x a* /h S ^ £ ^ 5 rtf4*Sk<o»»i/-y|c*5»tS#ftwR»w» 

< m th b ti tz u — > co a* j; 19 ^ -e it "C & £ co r* , ^(Dkote&W}^ 
- > ic * S ft ifi ^ # » # *> 5 . if ^ffiSfffi, *otC4?fTlfc^-> 

[0019] 

f:I^< m a ftc fjb # Hi * j£ o ^ T co ^ co J: 9 * B « «f ^ co ft 

CO iC + ft ta ft & W L T £ (A. A jdari P> , 1991, Proc. Natl. Acad. Sci. US 

A 88:4468; J. Rousselettb, 1994, Nature 370:446; R XI J . F . Cha u w i n , 1994 
, Europhys. Lett. 27:42l) 0 ^ CO jj ft X I* , gg IB l£ i3 V* T JW « W T S> S # # » 

W co , »«w*ipj*c3lllWJc:aifi[<c«»-c«)o"C, ^- y ^ f> ^ 7 {: S f B i « c i i 
MtUo^rSffltS. r <o#*rW<o«»a*£ C Z> t , :ot*li^ftiw»t 

^ ^ co m m k Lfc^oT-iiwsfflwi^JiiflW^s^istti^^s^Sftst^srS 
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«^«Bfctt*as*-fX#lt£ft*. 
[ 0 0 2 0 ] 

Ht§ ~C 9 -5 (J. Rousselet^ , 1994, Nature 370:446) o n <0 QL ¥ ^ 4 X <D M PS 

»&*#S<o»«ttS:*"t-Si:v^5»*^J:St>^-CiteSo « 51 tt , m ^ - 
* "C K ft i~ 6 <£> -C . i^lBE^^^t'fe So ia^J^^SS^ t iiR F L P o t 

isti:st^xT*fcs, sswfi$^tiwDNA»jt^»S(i, ^ k tt m 

^ co ft £ & M EE K PS # & 3b 6 fc , - <d X o ft * fc. r. ft <b S ffil <£> ft M \c £ <5 
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£ it 3 0 »»lffll 7i:lJ(j|«S:t5fc«>, K^8ttl4 1x5 J: 5 l: 

> ±»I#ttfi««*l:SLtl!fl*S:tt5c 
[ 0 0 6 0 ] 

tii?n^2o©«s^y k i 3sr;i 4 oo-^cgi^.ti^ii^i^i 

ft: 1 2C0¥ffit^±I(C^tt6 0 feS^tt, m^^±gi5Sfrl KOTIRtft 

^si:Rits:i^-e* a. mm 2 0 » 2 2 *± 5/ k 1 3 z ti tzmm 
(o m & (o \x m #j -c n . 112 1 & 2 3 t* * k 1 4 ^ g§ m s ti tz *s is <d m & 

*■ ft K # t* T ^ 6 . *> * »9 # * L < tt * ^ # . fi*t5»ii^->'©Ei'etf 
ft « # * S IMS £\ S» * tt /h * < ft 0 , *LtttfO»ll^i<45. rtib 



• 
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<D&mm<nm£te. »t i< iti^o. 1 ~~ o . 2 am j: 9 t * s < , &> £ » 

S L< liftt^s 1 w m <fc <9 t> /J> $ ^ fc -c h J: v> 0 fc fc L , :*: # & i** >f X co 

t>w^^f i tsa©ft^S:tttt5^it-C'ii*i/\ r n e> <z> # m « co « a , ^ 

wiit^x^R' t-/Tt^s Jf* L < fl^ 1 - 2 /1 m J; 9 /h £ ^ o :ix 
i«5t^#^I«^R' *s « * * * *ft * i" * *? tt -C ft v^3ft« , R ' 2 co ^ ^ 
«-/u-c*fpB*BB*sj:9»*L<35cv^»*^/j:5 0 £ * ^ X as ft i M m cd fc 

, m « * k 1 3 & o< 1 4 iitaa^tffiw^ttf n^is-«i§i«L 

, tS2 ist;2 3 ti^ftt'fcSo # * l < , «*©«*<D*n-?fix3&si:^^ 

M M R ft £ <t 0 IE S £ ti 6 o W x. te\ « « 2 0 & 2 1 (7) * ^ IS SB IK R td » 
mftX to <0 , 8i2 3Wt.Dtl^«-Cfc5. » 4 L < tt , R R ' t 

i5t^^L<, -*L(iR/L^^o. 1 J;9k/J>$<ft5£?t::ii:££n5o 
L ^ I , 0. 5 $ t^jt$Wt)Ofcffifflt5^ t^r^So aStRLfcSSi&Rfif 
C^V^tl^Lf ^i^t^XR' CILt, SilftR, l^(;r/l ^I^t 
3^f?££, ^6. 2 MiK E tt IT 5 „ feSlMi, SI 5 . 3 flf iC IS <£ L fc 

icLfc^ot, & zm<nmn<D&*ftffi&mmikirz>tztb, r , l 1 1 « 

R X L 2r # ffi tt » o T ft gij W IE ft £ -fr 6 r H>t^ 0 
[ 0 0 6 1 ] 

H 3 tt , »*i 0©»B*|BiSl:»UtitSt5i3- 3i:fBotiBit* 
Lt^5. ± SB S 1 1 & t)< £15 K ft 1 2 f* , ^ ^ > * 1 5ftifc03oco^-v 

[ 0 0 6 2 ] 

i4Ali2o(Dltti^J;'5Pi(:i^W(c^LTt>6o - (D & %t MM <D 
2 3tt/<y Ki 4i:»«SJit^5. io<z>«»««rtott«ttE«L«*+HltL 

n^. « m co m -c 2 *c $£tg -r a <d * ^ « sggt r « «■ g§ ti r ^ 3 . #® 



m 
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m <0 H fi R ' "C *> 6 o I ^ o t , m 11 2 1 t 2 2<0»J»i-5iH«IHJtf>e«M: 
L-2R-R' -C *> 19 , ®i2 1 ( ^ /: I i 2 2 ^ 2 3 ) <0 P £ ftfc 

g|5 ffl <D Sg K R - R ' T* £» 6 o Kl 3»t;i 4 li^ilf tltfi - V fl / 2 

r + v „ X2(c^m^n^o v o > o coi^, i»ttffi«ffi^o#«i*-i6]tes-e 

V o <0O^^. S liBttffitfi^i7)»i*|6lt*fe5« 
[ 0 0 6 3 ] 

M 4 B , ^I^->l:^otIiL/:, 2 o O I t (C J; o t 1 4 $ ix ^ 

soi/M-v„ / 2 b s< * k i 4 m z ti tz m m <v & « <^ & * <g + v 0 / 

2 * X ^ it -t 6 > -aosKfy^ + ^^x/utfritLt^So ^ (Of&lj:- Jft ft 
K # » "C , ffilH«{cJSJWttt?*>9, # x > v- -t /i- * a /i- 60 # J! M tfj - rt> o II 
^«i:filLfe*/Mttt5„ # m M tt , £ K R X # ff £ ft fc ffi K 3 6 R XI 3 
7lBOJtl««7«<-CJ:i9ft*|C±#-*-S»»3 2fc. «E«L--c»«Sixfefill 
R 3 5^(/3 6Ma>it;«W*< r «t 5a*dM:T*t5»»i:«Lt^5, 5> 

t>h . $c Hi S fi * /h ,6 3 6A^StiS^BSt5l*fi3 7^<£>*-fr-Cfe£ 0 # 

i% <n ffi ffi tr t> . liO^fy^t/^^x/Ki^l^^^T'fc^l £ fit 91 ri> 6 
o '< 3/ KasK#<&«ffiKffi«£ixfc»'&«:, _b # S t P£ U ft it & « "T 6 . 
[ 0 0 6 4 ] 

#^r>^t/^x/H:af 5S/hf ^ Xii, # Rt i" ^ # ffi «: ft 5 _h ^ * 
-f Z> , ft * L ^ « ti J: o r , - «: ft ffij PS £ g it £ o S , * * ^ * * S *t 
Stt^^ff & ti B8 M«4<i4Ltl< r <h ^ £ 5 15 * # < ft ft *l tf ft h ft 
t\ ^m^frSS^^^^ftt^ns, ff* L^IfflWlctiV^t, Rflsfa 0. l /i 
m<t 0 t*S (tiitf, d ft tt vS $ ft Z o 
[ 0 0 6 5 ] 

m 5 ^ , — > 1 Sft^CO^KU—V^^^K^rfiJT'feS. Hl2<7)!&4-4tC 
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^^i/-y©BSi:4or^5, i^ - y $ ligt L < li l 0 /i m 
JiSAS, S ffi ^ * ^ - IK t: tt ^ £r A ffi * it £ co lc + # 3fi ^ r. £ t ^ 5 ft] PS 

^ t> co <7) . J:9*#>feiiJ*<>BrtBt?«)S 0 -jftWCJSS^^^- h l 2±<7) 2 0 
, 2 1, 2 2&t/2 3ldfc58Stt»ft*i6isi:»LtHIWCii:SL, 

mJ; "J/hSv^KS d, # * L < 1 ~ 2 /i m CO R * x fi> «9 . -t L T m IB R » 
n<ii«2R' -c £> 5 ft , J; 9 /h S ft IW Pi <o * a* * ffljSft#*M*-c#*r£i;i 
ft 5 CO "C J: 5 «F * L V * 0 m 11 f* » * L < R / L ft 0 . 1 T (c ft 6 J; 5 K 51 & 
Lt-SwE«L-e»)ISttl:EiSii5W^»* L^o *> 5 v> IS , *» * t> # * L 

<^fti>^. rxl^o. 3 *«^-rs 0 ja*tt»s*s, RB#i±;*o. 5 (-r 
*f ^ w ft * ^ ) x h , s&=Brte«ffiLiBfcttao 

[ 0 0 6 6 ] 

#g|cOiiijC05|&^-con — f ^ y^^ti^tSfcfe, S*tcn— ^^^^$15^:18 

e -r 6 <d ft ^ m x &> 6 o ^ fT <r> n — V s r > ? a #f -e p — ^ >f y ^' t 6 co ^ t g c 

t^fcfe, P — 7 s >f >- ^ SP » * L < ^ * o e ^ y h <o if- 4 x x h 5 , 5 0 

-100/iml|ro|l^^t5o L *s o T > # W \s — ^ CO K R R Pi £ o 
X , r tv ft U fB ^ ft K m t ft £ o fc^^tt, »4L^t>f XOP-^^y^Pt 
m \c -T 5 tz ft , to p-f-f y^a-eJE^BiSri: e> 

it 5 : 1'^ , * L r m si ✓ — >x m ffi & * < -t" 6 J: 5Kite5KS-fr3r.ias-o 
£ <5 0 ftilft^Rt^St^^S^^^-r^fcft, »«Wi:±ttf3JS l ow^r^i/ 
* * ^ /u go * K §1 # iA * N — it co # x is v- -y /i- ^ i pfl co M Pi flfr IS co J: 5 

^ "T 5 CO 7)5 $f * L 

[ 0 0 6 7 ] 

1 1 On-f ^ >i/P 1 6 Co^TW^I 1 0C0tEfc*Rt/^*iaffe6Bl6fi 

$ffi.+ Z^Mc(D^$\<>frbn{±L5 1 {CjoV^t t'^y h 5 1. ^ ^ PI m ft ^ I? -C ft 
gfu->-15cort^c0^jlz:5 2(r^Ai-6 0 o-f ^V^P 1 6^7^115 4 
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O' 5 5 I: , 46^SrtS5 5^^<i£S, SB ffi 5 3 g| # ft » Z> <o iz + ft ft m M 

, m to. * * x. s . + # & m « . ® s . 3«icEt ifc t„ « co ft 3e <b p at ^ 

^^i«i:ffltot«El*ttfflt5r t fe#5„ « *. tf . ft 81 BB ft M «c « « . 
5 6 X .5 5 CO Pfl co ^ © T- £ A ft ft S it 5 > 115 6^1i5 5 t 5JU J: 
9 31 * f* ft *s » « ffi (c i- s w £ t "C # 5 0 

[ 0 0 6 8 ] 

5 . 1 . 2 . TTgj §| ft 

0 SS 1 0 ± SIS S # 1 1 SO'Saif* 1 2S:^A/T'lr>5o I i^I^i^l 
i/^-y&t/ftKti*!^'; K a* J£ tt * l 2<o^^^coiffi{ciIS©^HT 

1 l coTffil^it^ : t § 0 

[ 0 0 6 9 ] 

»B*|fi)Si:lBot*JI«lc*otC4f +y*^I*:81t5I tlUot, 

^MitLT^o^^m^^-^-^coi^Mit^tv/c, »Bl/-y 1 5 & m J* i" 5 ^ 

ilBLT^So r<D««tt»*L<W:*«W^»lB*|SiS*c:il[SE-rs^, £ 9 
» * L < f* ft V> *S . 4 8° *ICOlf4^^t LTV^ 0 »«U-><0*ttttiaa 

[ 0 0 7 0] 
[ 0 0 7 1 ] 
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a 8 i±, ttmjjfas^m.$i-fz>, B7<o*k8-8i;i»ofc»Aiocowfl6ia* 

^ Lt^Sfl ±lf(5l^ l l & t>* g l 2li3orof t>^/^i#t/j:ot 
[ 0 0 7 2 ] 

5 . 2 . ism <d mmmw 

m 5 . 1 Ifit^PH Lfcf/W 9 A-E(: 

^t 0 : b ^ 1 (4 , 2oro^^/Wf l^T-O^I, 1" ft *> , 9 1 £ L T J; 

, A19 Ot^SJlt^S. HI 9 A , 9 C , S (/ 9 E t' (i fplt n n C » I t 8 

(DMVtt: t 5 m tt Jfts ft < 5 o 
[ 0 0 7 3 ] 

09 A{4»iOHfe^^ LTio , I(0^^tl4, t^tOttf ^tt£«ro 
^fyyt^^/M;F777'^tlt^5 0 i 9 B f (4 , t B , f CMt 
*5 ±a ?B T- 0 . Z. (D hi Stttt^^^K^+^^^JwftoTW^ftJC^^jCttlR 

3 „ It|[fi9 3 t Lt»HT^StLt^4. 0 9 CTM4, fft;«fi^i(t*t! 

* iri tc it /u ft =$- a . * m <a f> * /hc r 9i s n r h 7 ^ ^ £ n 5 c l ^ 1 

755 b , ffiftSgBS^RTfeSS-CfcSJE-f-fi, * t & M fc <t (7) # y- y > * * * 

N 4 1 ffl co # =r > /i* *> * /i- id g -T 5 (4 . /h^^tTMi2or'fe5^^^>e 

t- -c «t 1 o -e *> 6 o a 9 p -e tt , ?? rj m f£ ^ ¥ ±1 jb -e *> «9 , 9 3^(/9 4^m^ 

«ffia*«»»-C*>5i:fiJ£Six, *S^ttf©H« 1 o(4 t fflO/f f v + ^ 
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V ~ jv h + ft ic jft < * r* t£ tfc U T S t * ®\ <o V * ic K §1 4 Jx "C h 7 ;y ^ £ 
» + ft \z m < i^lfclRLftl^toJCifc^WO^iii/ujcttflpSE-fr-f, * ffl (O 

*t ^ 7 s " ^Sr^Lr*«*-e»«w«c»a6*tt5 r. £ *s ft z> 0 

[ 0 0 7 4 ] 

a* ss m #j tc ^ ft t§ k *> o r , en n\ b# * * m tt \c « ^ £ r 31 -t- 6 m # co * * a 

[ 0 0 7 5 ] 

o x , -*littti*i©ifrt©lll©*Ni:|((«pt5:i:#)ll»i*i5fc 

tf> , ioTDN A^i^^^St^ : HK'^(Doi et al. , 1986, T 

he Theory of Polymer Dynamics, Clarendon Press, Oxford, p. 300) o d s D 
N A co m 91 m & s s DNAl:>ftt5iaf «tli, **»J-»-rS«[i:L-Cft 



" x 10- 6 W^°' 59 cm 2 /5 (1) 

0"'JxL(i\ Weast, ed., 1987, Handbook of Chemistry and Physics, Chemical Ru 
bber Publishing Co., Boca Raton, FL&tKgS5. 4Sfe#IW^t 0 
[ 0 0 7 6 ] 

tficog^ffcftS t, <■ * # * S < ft S 15 ^ # • tt * < ft 5 • d * £ tt > 
*f y ->t^!>x/u{:#t5ttt«)»^«)ttlS:tl*U, « ffi * * * s * iE « * 
**Cjfi-^<«if«ffi«>(B^*W:*#<ft6. 9J x. « , le] - ^ ffi L £ «r -r 5 - iS <D 



[»i] 
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b h 5 A, , R I* , ^^co»iit^^T^#bti,a^it^-^^XR' J; 9 b UK W K /h 

is ^ /J> s < -t z> r t b r* # * v n 0 * 7t , Tiff ^>t/n?x/u^'><c< t tftii 

o 

[ 0 0 7 7 1 

fiP 4 L < . t „ „ # t „ f f £Jt^TSfflftttfflrtTt?#6A»?9/hS<ft 

6 J: 5 C li^ 6 ^ K ^ i^O o r 9^)0 $n 5 1JE v ^ f ^ c ^ < t 5 : ^ 

BtifcS. L ri> L ft ^ b , «Sl:*3V^-CllIt«4t»35 s fi-5^, # fK ME * « 

(5 ^ * # < L T ft h ft Po 
[ 0 0 7 8 ] 

jr 5 . 3 m i: tt . ji»tti:**ffii©i«*«x.fc«^f -v^^^fi^its^ 

^f^^nti/^ 0 c w f ^ ic J: 9 . ^®£<Dt* s< 4 x tzttlr & ftW)/* ? * — ? 
& Wr 5£ <0 ft ffl l*J X* IE Sfe tc ^ i'J L ft # *x «f ft e> ft P o ^ K ft • ^ «: , ii » <^ n * 

[ 0 0 7 9 ] 

* « W co * ft fi , fcb**5*^fX«)«ffl|*a[-7-(:aiffl"C#5. ^ 81 >tf i£ £ ft 3 ^ 

E U » ft *: # Soffi-r-s-efdR-s:. 

[0 0 8 0 ] 

5 . 3 . ^fe(7)Ife^f^ 
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l * fit <r> & m m m . 

[ 0 0 8 1] 

[ 0 0 8 2] 

( R ^ L / 2 J; «9 fc if (7) SS/h $ t^MiliS O # 1 ffl ©ffl W 9JS f 



p m fit ^ b# n w a ( p = t „ n + t n f f > 0 

[ 0 0 8 3] 

f «flt<z>B*rdwra«»(f = i/ p)o 

[ 0 0 8 4] 

t „ „ fit a* en ad s ft -c s b# m o r. <d m m * « # r- > > 

+ /u^x;H:R?| Sixt h 7 y 7" * ft 5 o 
[ 0 0 8 5] 

t „ , , « fit ^ BP *D * ft "C 4 t> I* B 0 ^ <d m tttt^ I: 
tt * -e S 6 o 

[ 0 0 8 6 ] 

[ 0 0 8 7] 

V o pn *D « fit £ o 
[ 0 0 8 8 ] 

t r^So 

[ 0 0 8 9 ] 

[ 0 0 9 0 ] 

D+AD »**t*tftSfc5 1 OO^ /OSl^T-^fei^t ( A D(i 

[ 0 0 9 1] 

[0 0 9 2] 
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T , „ , ^±^m^M(0^$i^m ( T , „ , = P * N c Y « SO?N ( r . 
= f * T » „ , ) 0 
[ 0 0 9 3 ] 

v „ r , , , ■ttt-cyjwttt^w Ky 7 nSo 

[ 0 0 9 4 ] 
[ 0 0 9 5 ] 

111:, *«W©*ftRV7 , >'W ^lc»tSff* Lt^*«*fr**t5o * 

tSo » 3 fc , # % ^ co «s s m «s w * m co fls n - k iz o ^ r n -r 6 0 

[ 0 0 9 6] 

5 . 3 . i . aEsgw^ggtEflgtii 

[ 0 0 9 7 ] 

Bi Oli, *36W^ttffl*Tttfc*ffiv ( x ) & # Rt tt tc » o £g Pi x co h » t 

0 r co t5 t5mc ^ m m m & t * ^ « e * * « w -o » « -r -5 r t t> -c # £ Q * & <o 

6 m m <■ ft £ fc -if , # HI - yi: » o l o co *r fa m m L ft *: « ffi 
co ft /h 7^ J: 9 i£ S -T 5 «t 5 I: lftittitf4?)ft^o rco^ftf^^^^BS^ftS 
tfc5„ t^iliS^t^dr^^llliRT^^ix, R < L / 2 "C <5 0 M £ . 
|/M 0 0 3{*|^^CO*^:i 0 0 2 b L / 2 & ffi <D V&ffi R tz ft tfe tl X \t> Z> . 

0 0 l^P>(iL/2S:S^5ffi(lL-Rf;(t«*lT^5 fl -f~ T co 
ft /Mi . s<D^rSi«c:|B«Lfcft*tcj:i9iS*urv^6. r co m fi , 4 * * 

[0 0 9 8] 
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V „ 


> o (Di^, m 


1 


1 A-D^ifiliEC 


Br 


« L «t ^ Sr Sco^-f^^^Sti- 




<nm^ , A tC Wr 


m 


l fc tt «: ^ >r * * 










fe # HI 3 & K 


i* 


ft V > „ ^C^fllfcg 




^sco^-r^ic^ffi-r 


5 fc «> tc: 




co nf£ & js: Is L 


ft 


tt n ft h ft v > a -r ft 




. V o < 0 t L ft 


tt n ft b 




iE 


tc 


# ffi L it St ^ tt *r ' W 








a* , & 


f it)^it5 


& 


S fi ft ft - 




, ^ -f ^ CO — ~}j 0~) 




4 > ^ 


•y - > tc «t ^ £ 


a 


— v ^ b , ft #j tc 


— 




«r W) S ■& 


, * tC 


iS! co m «= t? f£ Hj 


s 


■it 5 w t tc J: 9 , ffiif 


CO 






£ 7*5 "C 


# 3 o L 7>> L ft 






M 


W ft # * L v^fil 


« -c « , -r 


T CO 
















[ 0 0 9 9 ] 


















x. -c . m fit co m « ft a 


n 


IB K V ( x ) tt S S 




^ ft C 


k ft. m fit 755 , 


5> St co « tc » o X 55 S tc 




M & <o ft /j> 


t * t> 


o r t -e &> 5 o 




^ « , fa t£ gg (Bi l 7c 




-k n ^ ^ 5 o ^ , 


5>Hi co * [6] 




co f&j tc n SS L 




ft J: 9 t> co 2/ fa 




^^b/cft±i^#ft 






j: 5 tc > -r r 


CO 


ftifc&tfi-^-coft/h 




<■ W sa B L ft 


4x ft ft 


^ o ft 


/h t tfiSft* 






o 


EBLSr/R.li, r 


9 L fc ^ 


CO f^igc 








o 


* 31 n ^ i* , r 


O #J ft * «= 


£ vi^ J£ 


•f s ft * co m fit 


tc 


a ffl rt ft -e *> 19 , £ ^ 




tc ^ ?| 


» Itt * Ifil 




»«t5o a fit 




Ml W ft m U co if v 


> 






< , « 














mat* 






9 t> ft TMi ft V * o 










[0100] 


















tc , -r ft ^ *> . ft 


/J- 


co # he 0# n t -r ^ fc 


(c v ^ ii) 


16 £ « 


9) Z> Jj |6l tc « fit 






L 




^ h >v ft 




tc s ac ft fife # 


!> 


o 4ft ^\ w ^ tft x. S t 




5> « <o if ^ {C ^ o fc 


s fit tc s a: 


ft 






co 




0 * % W co 



**a*ttieaa«jMcos(e)-e*>s. ft tz l . 0 5> re * ^ tc » o fc ^ fit tc # 



m 
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^ F/M^^iotcif W(:fp x ot^^:H^J u\ r <r> m & > X « to I- » 

oT^^i:(^ 0^^45-50° * ffl X tb 6 C <h , i" ft t> . cos ( 0 ) # jft 0 
[0101] 

/M»lc»t5J:5lcfPi^9^-^«:IBftSrt*Spr«-CfcSo « tl tf . S ffi 

? «< y i r t>* t t tc *s ^ r , b# ra t „ ( f cstsm wct^Dti^^B t fl 

it « l tz t # wilt ^ x & m a? n is -c & u w ^ tit * ft tc * jg - (- ft % m 
tt^fcSo tfilit«A^«tnsi:ont«St5ti(), # ^ >- -> -v /v- * * a- 
f li(cit)ifiv^ < !: r ^> ft t> < ft £ o f/hwf illii 0 fc U- — > « a* * # v> 

M m x ^ x >- > -y * a ^ a* 9 < ft & pT fiE t£ *5 & 6 o L ^ l 4 ^ b > n o r. <t fi 

* * W ^ f* F«l II ft b ft <^ « ft if ft 6 , f ifi^SrtSCR?! Lt h 
7y/t^3Ct„ „ fi ft ii tc: S 4R $ *l . IE , tt^-*s*«-Ct««BIBI^f5 

. ^S^^iT-ii, 7*'W*coSigflH» + , Jtt&ift^^tflrv^^/u^^/UGO 
i S t: S r ^ t 5 to , «ffi60±co«fi:co^*& — SfljUtWlcfta-e* 5. £ fc , 

»«i/-yao2£«^*tt^a^5qffgttt ) fe5 0 - <o » & ^ t> , w m m * n # 
^^^^/u^^yuojtttWisv^Bf^wsi-sfcfe, ^ *a - * tt n « #j m u x 

* £ o 

[0102] 

ttffitt*fcB*IH]«u:<>£{fc-r5. n to 4§ £ (c & K ft r t , tt^-asffiWJfttf^ 

^ /u — co t£ ssc <d m m a* -tf n -e « ft ^ a* m =t & it is &j i sicisi^^Kc^tt^ 

ft 2 <d ft $ * -C , wi«fitT?*5, : wi-$(io . l % « T <o 

ffifet/hSt>I^*tli utf l o o % 60 m to T # v> (I r* fe o X X v> 0 fig ft ?i> 




( 37 ) 



2002-5327 



?0fflaft»«^ffi5 J: o fc ft ig ft: £ tf o c ri* » * L^, MS « ft # ft 

o *> , k t o k 91 r* «t , m m w x ft « n » w -c . MPSt/nssf ^ti 

CO "C fi ft ^ o H# M t „ „ l:»LtliSffi± V„ / 2?:Ppj]DL, 0# n t „ , r TMi 

ili^PPiL/n\ o r , HBT^ff»w#f ^/^, tt # m t n „ 

J4 2}" > #t fig , B# HQ t n , f T- 14 af 7 4fc tR t? fe 6 ■ fc fc I > t „ n + t „ f , = T 
S-t^f = 1 / T "C #> 0 
[0103] 

*%W<o*"fe(i0#PflW{-JlS«Wft 2 o(D^lolfe^ffl^t^^7/M^li6 
{fc # Sfl ft -e 5 ^ ■ fi * v ' ° M f* * # M ^ m tp o ft T , NFPflW^fflS:*^ 
« 7L a . '< y * - * R a* J: 9 'h £ i/MS \c ft 5 J; ? ic . #*>T^yK©BB*&«F^^* 

[0104] 

9 §L «■ *rc l r k 5i l r h 7 s'^ p i-'<< + ft t* ft tf ft «b ft ^ „ r. <o ft fl= 

[0105] 



( k „ (4 y > £ f& T* 6 ) 

^ /u ^ i ;u I: 1^ ^ o t »K w * i: R /: t£» t 5 It $ a n £ ft tt ft 

« ft b ft ^ 0 z w » * tt , w *u tc , "cssA^y^ffla^^ni^tTtensjcpfc 



[t2] 




(2) 
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I » 3 ] 



C J; o t 4 i ^ 6 R t n f f ^liKtS^ix^ fc/cL. Terfcj tt 

as m m h « *> s . 

[0106] 

* L < a n / i 0 0 m S9 "C fc 5 o *HS^^tfe^8*L^ : &f f ;Hc*3V>t, r 
[0107] 

[ «C 4 ] 



t ^ L + R ^ ft teS I t * W f i£8 x /u J; ^ (I 6 f y ^ x 

[0108] 

^nb^^f^Ji^^tC^^^ti^o W X. tf . an = 0. 0 5& t/R/L = 0. 

1 <7> a* . i£^fp]i-tfetJci-55fe^(ill^i-/J^^^^ 1 0 ~ 3 ° "C & 9 „ 1 O (7) ^ 7 

y t /i- ? x i t T 1£ 1 1 S « f li 1 I- ^ ^ ^ c 
[0109] 



a 0 =l/2erfc( 




^/4Dt^ z R « L 
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btfi::«J:iitffil:iIS*i5»ill#fo*tll[^o3E»ftitil, m i& 

So r.n&W*a*tt«i|SWtt*fe^J:9*«W«C»<ri:35S-C#S (Press et 
a 1 . , 19 9 2, Numerical Recipes in C , 2nd ed. , Cambridge Univ. Press, New Yo 

rk mmm&<vmmm)) 0 z <Dr$t> v ic , mm ft a * * 4- * s jeih^ ^ «s 

iff * L ^ o croff* L^*SC J:*itf, jE ^ ft ^ £ ffl i ^ fc i# -a J: K> h S 0# 

n a* o jj£ ^ * ft ©J ^ 7 > - * & 12 ft ^ 9 ^ - 9 (c *r -r s j§ #j & ft s a* 

[0110] 

y^A^t-^ d: LTEiSt^o W X. fi , Wax, ed, 1954, Selected Papers on N 
oise a nd Stochastic Processes , Dover Publishers, New York^r^BScO^l^o 
7 y ^' A t - ^ li)t ^ fi , *ffi^^^^|g(7)^#o3S^(o4£tfclc:J:oT±lS. K 

laoticSo * w sua » * -c f± , EUtLavR^jz^watftft^nsssLv^ 
(5 §§ ft <r> s fit , ^ ^ t; c d - f > ^ / - y t i o o ^ f y y t /> ^ x /u 

I- 40 M h 7 s/ ^ £ n tL * , t # i L ft *s e> ff 4 Lif^f /Hcov^tRMtS 
fc L , an . fef^tDCOtT-^SgiRfctt^tLTfifig^x/^^A^St 

ttiF-ffia<7>5p4rfl|*tt, ( a „ - a J n ) LMC^otiillt^o t^SPSSIIC 

# C7 X 5> ^fT Id ft & 0 #ij x. fcf , Wax, ed, 1 9 5 4 , S e 1 e c t e d Papers on Noise and S 
t o c ha s t ic Pro c esses , Dover Publishers, New York£r#BScr> ~ £ o 
[0111] 

ic o x . b# m t *: e « -r ft t> t f + -y * ^ & ^ & ^ » s <d # * * # ^ « < 
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x n (t) >tv%&nz>K°-?$:m^. ciotr— *te#;5£: 

[ m 5 ] 

<x D (t)> = tfa D i (5) 

[ Cfc 6 ] 

[<5x*(t)>] 1/2 * [(^{tJKl^lp (6) 
[0112] 

m *r * fa tc /> # < t i>mmRtirtl&i&-t m &i$L z F<oii# t itttitsc^-c 

[17] 

X -5- X. h frl & a fif'J X. fi\ Wax, ed, 1954, Selected Papers on Noise and Stochas 
tic Pr o cesses , Dover Publishers, New Yor k £r # ffl <D ~ £ e CL CO ^ jo f , 

[ «C 8 ] 

erfc<x) = (2/^n) /" dt exp(-t 2 >. (8) 

T'£i^ tl6 0 erf c (x) *fr -f 5 # *S 5t i& o X , Abramowitz et al. f 19 

72, Han d book of Mathematical Functions , Dover Publishers, New YorktCfEft 

# ifc 6 0 a r, |C *t -T 3 5fc 7 X fit , ^^^^^^^^^/U^^ft^Offlffl^fttt* 

* (c fg K ^ t <K £ + S o m m \z. tt % tffi^tHftfitfco t #(c#!>i/K^Jic 




1 
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6 co ;H: ^ V £ 2fc -T r t tt * v> „ ft if ft b . : ti ^oi^iiPf 111), a 

[0113] 

^t^te a5Si;7|j:, «t«9*#ftl£1Rtt*t>oa}ftSJ:!J/hSftl£tSc 

s ft s St a t* a <b # m a* u# m t t * n * n ra c isct^^^SN. v c £ 

t 1/2 ^ci^:t5: ^/tLTp6 0 + # ft 3& co m ft: 

[01 14] 

s€ , s: 7 tt , » i« «z ^ K ft «f IW *s ^< ^ ^ « a * fc. ^ <d x 0 (c ft # 

X » fc ic ft ff -T 5 «> , «3t#i^^^RO«ibf4, B# n t B f f ^ it \z X K> 

s< ? i>> * z t z ^ t & x* $ , - s? * f* * x * * ft s 0 RfiEi^-ca 

£ ^ # « K # ■ 4 BJ «t l X 4 (:8'>t5 D 7* -Y * co ± f£ co ft £ f* R i * {c jS 

» w k *i * i- 5 (-joR/LCfc^t) o tto t, + # $ v^^w * « 

S-frfttf, x^W^cottfig*ii:S§rfi]±$-fr5r^7i5-e#So 7* 

^ ^< § /h , -r ft *> % , ftBsnsffi^ot^xintfTS^*^ 

vMtt > S: tt * 5 * & 3 -C ft ft tf ft b ft ^ ■ 
[01 15] 
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hi i a - d r rj m i 2 a ~ e n , z <n ^ ^ ;\s {z ft ^ tz^m w <n mrnvtm & ^ 

L T ^ £ 0 Hjl 1 A - D (± , 1 1 0 1 RXf 1 1 0 2 d: Lti&it'/T^t ^ £ 2 

©B»ftiS^o7-f-/Ufc«Lt^5. fz fz L x «Btt«A<t«9t>^#^a» 
tt^ft^c Ltt)*ESiirv>5ffiil 1 0 8li, |/M 1 0 1 Ciil 

fc*jffS«ffift^:-e*>So mi i a i; ^ t , * ffi l i o ztt^-^ttJBJcfc^x 
tt?-rt:tO»#r y^-Y^*x/n 1 0 l K R 31 $ ft . ^2fc££^teiUcM*aL 
T 3S < l*7^i*lt^5 e iASO'iBWggyn7>f-/H 1 0 3 & U< 1 1 
0 4 fi , ^^x/^T'l5l^^lt'fo5 0 I 1 1 BlCfcV^t, ft (1 Tf- 7 t^t ffi 

«] o & 7L h ti . ft * & . & m m » + & ft * <d t£ m tt « o ?t it m x*m * ft tc 
/u i i o 3 & i i 0 4^^-r^o tztz l , «B<0#a*tettttas*:#^0>-e, a 

B tf) P >f — 1 1 0 4 (7> ^ ifrg ^ 0 ^ n ^ ^ — /U l l 0 3 CD ffll A <D — g|5 

5)^t//D7^;H 1 04^lB(Z)J:«5#<wa!^fj:, (^^LfcS^l 1 0 8 

^ix.tfett6o (Hi i ccfc^'C, iSliSt/t vttilcffl 0 «l x. , & 
tt tK £ * 1 1 0 l & l l 0 2 it 31 £ ft T 31 < b 7 ;y ^ £ ft 3 0 L rt> L 

* ^ , z (D t $ {z n , t^i i o 8^@x.rfemi-6^T-d^ai/ui 1 o 2 kz 

h 7 * 7* £ ft , lAS^iBlifig/P 7^-/H 1 0 5 & t>* 1 1 0 6£r^-r o 

itLteftTf*yikm^tyv&z-t>iri^ m * <o m a* m X <o $ ^ jv h M *c ft rt r 

tao#»tti:S^^t, »^o»S7 p o7^-/Hi, <fc 9 *: # ^ t£ 1ft 

0 « *5 <fc 9^<^i££ft£<J; 5 tc 9 « W t- * * ft K ^ ft L fc „ 

[0116] 

1 1 2 A - E I j: , ^<cD/^^>>'^/u^^yu^^ti'^>r — t O * ^ w ^ r 

*-^*ciS<5v^<IEa/j:W-||^5>f^*Lfe<>w-C*>S. tK ¥ * IS # Bf <£> * ft » 
otjoO, 3 0 ico/ff y i/t ^/^^tfo S S , #Pit£ft6 2ocD?^ 
I^HlA&l/BcofiS^iin^o fe:tl4w|S^*(7)i A(i/^ - 1 2 0 it- 

* £ ft , Bttt^lV^OlBll^-l 2 0 2"C*4Jlt^5, »# Pfl t „ „ RTS 
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1 ^ ^ > ^> ^ ol co ^ H ^ y/^tl^ffilSI^/TLtl/^o U 1 

2 B , 1 2 C . 1 2 D N Sl/l 2 Ed, ^^^^2 5 ^ML 50^-Y^/U- 
f£ , 7 5tO/^, ^(/l 0 0tO^80S*^l08I^P7^f - /u^r^ 
LT^5. :nb^7 p n7^-/Mi, t *S PSS I C ffi o T , >f ^ ^ ft tJS i« ^ 
t5t#<©sKf>V + ^'>x/HCt>fcD^!>^#*t*J;5^4 5o I 1 2 B 

[0117] 

5 . 3 . 2 . t a ^° 7 ^ - ^ a 

J: £ ^> B# PeF] H: /h f i~ <5 ft W ^ ^ o T M ^ 1" 6 o << * , « flu & 

l*tt^#atf::Hi-S £ 9 ^ < o»«Ute*56S:Jlsa^ji^ySfJ: 9 a m &) ft *f ' W ^ ^ 

lB0>ffimftEflBtt£r. «fi » « 1» tt * * * <t 5 - ^ *> * 5 - 

[01 18] 

* & £ # Ml fl$ m * ft 'Mb -T 5 «t 5 ic 9 tR £ ti Z o r co ffl t4 . Ill:, t „ „ a 

[0119] 

ztib<Dj?&;\£&*)mtii£titi'<7* — *te. >& «s w k 5S ua w * t <^> -e & 6 . 
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^#I(:Atit, IE * * ft S ft ^ & M a* * f* a» ft 19 i" *t fc 9 ^ - * *• ffl ^ 
[0120] 

* 9! » # I 3 tC IS fit CO ft ft , C, Basic, Fortran^^COl^J/^y b a a-^f 

e^-^v-^^^i: l r «t . « x. a i b m pc*fcf±tixtiRi«4Pc^#tf 

[0121] 

t „ „ s t>* BB g j — g Q g 1 L ivR S ffi 

i ^ ^ » ^ 1 1 ^ f /MMI o r ^ £ $ ti , i 2 :^^w^7^-^(:opr 
(7)ftigftffi^^^i-^fci6^cn<b^^^^^^^^tL^ 0 

[0122] 

m t „ „ n . w « «c ^ a* , ^^vv^^/K^j^^Tr^gi^r^tc, ^ co # x > 
>- * jv tt 5 ft * ffi a* e> * n k ft < ft 'J- « * t* , o^is§iL-Rf it k y v 

ht5ti?>^l$Ht'*)5 0 #J X. & s i 1 0 (CfcV^t , t „ „ , fic -T- & 1 0 0 1 

frb i o o 3 £ -e K y 7 f> -r z> b# m v &> 6 □ *<^^:^^#^tts 0 

[0123] 



& <5 o 



[ & 9 ] 
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[0124] 

[ ft i o ] 



w w tr x *° > v- -v f* <H ^ W "C & < T f* ft b ft ^ fc & R < L / 2 T* ife £ 
SS^ttfc^o Ky 7 HWl5)ft««|:fclt5tff Efl, - V „ / ( L - R ) T* 
& 3 0 J« * « ft v , Ki-«»oSilc: J: 5 luHff<5ft S 

[0125] 
1*11] 

Y = D/k B T. <11) 

^ij x tt' , Wax, ed, 1 5 9 5 4, Selected Papers on Noise and Stochastic Pr 
ocesses m^^JlMMMMJ^M^L^MMMJLM. ^ Dover Publishers, New Yorker 

[ ft 1 2 ] 



IS o T . ^ l 2 C J; ^ L-R^t?^ot^5t46, g /h fS t> v ^ X S t> £f £ 
oj:!)*ftl»li:»orj4L, 9: <n> 5t rt> fe * * b tt 5 . 

[0126] 
[ ft 1 3 ] 
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^ = — (13) 

»ICI181«:tSSA>¥0IS#tffifi< T-^td^-arS^^T-feS, w fc> » 
, t „ „ li , ft » * A> b * » n 5 . 

[0127] 

[ «k i 4 ] 

k b T{L-R) 2 



W X. f* , 7K O J# ^ . PMSIlflil^l 1 0 4 V/c mtfca ( Aval lone et al. 
eds. , 1 9 8 7, Mark's Standard Handbook for Mechanical Engineers ( 
ft ftp CO fz bb <D MarksS K^'^) , ^ ^ n — fc /U , — 3 — ^pl5~ 

19) 0 t£ o T , E m . x = 10 J V/cmT*R=l/im * ;k V «, ti 

1 V -c 5 o 

[0128] 

t B f , RTfmm/< ? * - ? & mm^mfc-t z tz £> iz & , tei&mr> + & d <d ? 

£ 81 5£ -f 3 & ^ ^ 5 o * ffi T- f* . ADASD J: D 4 ii 6 ^ ic /h S i>t fig S ixx 

*DiSttii*IHj0)*«a5'>ft< ifcafttT-^OittfO 4: m C tiL ± # ^ B# j£ # IB 
«tt6 i ^ 5 t w (Dm ft s 20(D^^7 P Wti 1 ^IS7 P P7^-^ 

<^ <a <^ » ffi t' — ^ & a s a* '> ft < i t) 2o^e- ?(Djj<y*<ofcfrK) t m c 
tt^ti^WXiif-f * ^ » K *s ^ r # K £ -f 5 <t ^ 9 :K*fcSo $il x. 

0 1 2 A, 12BXt^l2CT-, 20(011^-^1^ * <D & £ L I * tt ^ f- t£ 0 
t . ft ffi £ tl X ^ S £ li ^ ft £ *l ft ^ 0 L*aijJSf>, Bl 2Etli 
, t-^tt»«*tiTi^i:^4$ix5o ' ° 7 t< - * ft- il *R -T £ fc J2 . # '> 

MLS*«ii«Lfeft»Wft»«tt«Sr*iJffli-5Ci:tpr«"e«>S. « L £ # J: 9 



• 
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'>Jtei^ftft=-c*>fttf, #J ;t tf m i 2 c * , f^i:<^Bi$^fct>(D < 5:^.^-f--5j^t4 

& o 

[0129] 
[ & 1 5 ] 



~ r -C , tt**D©tt-7-^3S««r*l»i-S^^^5l<!: £ ft S B# BQ Z> B# HQ t 
r, £ S iB L fc ik \c . 3fi«jf5»e>iftfflLfc«F*-e, 2 o co * >f y co <D « ^ 7> o 7 
^ - «■ IS $ ft 6 „ 

[0130] 
[ * 1 6 ] 



*J * * , a t > tt , t£ ftfc ^ D <D tSC 355 t „ , f ©«|:SO#fy^-Y^?*^ 

ft 5 o 

[0131] 
[ * 1 7 1 



(15) 



(16) 




(17) 



t>r ^;u»N c y c (= t s f)tt, #;0>3;a»b»e>ft5: 

[^18] 
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Ma„ -an + A n I* . * » I: * S 4 A D C O ^ t 14 - A D an / 5 D t L 
Ti£it5:HK'^ e ^ ft # HI 0# BO f4 , « T <£> ii 9 & -5 : 
[ ft 1 9 ] 

T tot = "cyc^on*^ (19) 

»* L^»«ft'<7 ^ — * f4, T, „ , t»/M:t5 J: 5 i:l«Sii5„ * 
X t*381t>"* 7 > - * . t n „ £ ft/M:: + 6 J: 9 {c StR £ ti X V* 5 0 T, „ 

, 14 , *i 9 «rl LtS«t B , ( & I- t „ , , iz. m S 

$ ft 6 a r, }cn, y c ^ft#Lt^5:H^, HSWl:t t B , , CJ;ot£ 
t^ti5„ t n f f to * m ft £: 51 tR 5 «> \c (4 , mb^^it^-S*Sci 
/M:Siift< ttt6&4v\ c <n ft /h ffc 14 , «ip«ft*fltW*8s, « *. ft /h fit 
a*ftaj*ftS*-Ct„ , f lcov>t©S 4 ?4ftlfr*«tti:Kt - t ic io-C 

5 t t ^ f? 4 t> iX S o #*J ;L f4 Press et al.,1 9 9 2, Numerical Recipes in f 
C ( C^j&MMMJtM ) . I2ffi, Cambridge Univ. Press, New York £r # R8 CO 

[0132] 

ft M * t B , , R N e > « fit ^ t> £ fc m tR £ ft fc B# "C , # M (O {C # 

[ m 2 o i 

: W = ^d^- (20) 

SiRSft<5»SL^*iBfc**f4, *^V'>^/uw^BB#ttJc:J:o-cfc**tL 

6 o 

[0133] 

LRI/ R ^^F^ L ^ ft ig flS 

t «. B & t>' t „ , , CO ifu i£ CO ft ii it TM4 , RKU { L*5i3l§tL-CV>5i:iS£L 
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r . Lfi"C#s*»?f9/hS<ai«^--<#-e*>s 0 *i7*r%«L-c, r 

co 2 # o i firj « fi t „ f . f ic io (| § 4 5) w i ^ '> ^1 i t 5 : , R 

^ * £ ft 5 fc «: , r/l<o.3T*$)5:H^*l^o t ir*4i:, R & l 

i* '> ft < £ t> > miR z tiitm&&ffi&VFm + & t m c&*$ h<n\cifl 

m £ ft & 0 :n^R{:o^t^fIt5mii, i ^ $ ti e m . „ ( v „ 
» l -c ^ 5 ) £ t o s « $ *x # 81 m « tc o ^ r • a ft R & ft + £ w £ * 

[0134] 

*i 3 » S <o V -f X as ^ i«Sft^8iS«|cj:0l!iRriB-efcStv^5«lfi*tt 
CO T ~C > L2&.£/Rcof*Iffc£: LT^/J N fL^^x^ 0 1 o wMi » ft SI i L t li 

, L & I>* R CO # * CO fig IC O ^ T , « # fift % m # E „ . «fc 9 t> 'h £ < ft £ «fc 9 

0 :ov« co fit fc ^ , b# ra t „ „ si; t „ , , x nu a? l t *5 9 N - ^ <o ^ 

5o =» > t c ~ - * S* co S * # lc t o T (i ^ £a <o fc co -c 5 * »c 7c * /MbStT £ 

ffll/^t (Press et al. , 1 9 9 2, Numerical Recipes in C ( C CO jfc fig ffj |B ^ 
) ^2HS, Cambridge Univ. Press, New York), CCO^^L^I/RcOSSft^tfi 

[0135] 

t 5 1 oro*6l:*i^rtt, Si 4, 17. 18&U*19coi£fi? 

W Sf ^ £ *L fd S5 IS f*9 "C CO |WJ B$ fir /h ffc tC J; o T * 3£ $ tl % Z> o - tt , Press e t 

a l ^6(^«ipWft*fit»fttfi^J:f9SefTnr*6-t?fe6o fcfi^fi, - co A a fb tt 

& <9 , mj^co^r^{cJ:«9*iSflT t „ , £ & ae i~ 3 „ R * « # a> o # IB fc* , M 
X. tf 5 % flf it im £ it , ^ S ft T t „ , CO^r^^<0iSi-o T , „ , CO £ T CO 
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sco^t, aR*ixfc-3eo**bnfc»«iKK«> + -eafflprfiBftVo <oft:*c 

M S: jg tR +■ 6 0 R {: o t (Z) i ^ ^ o 15 1 x H R to FbI 1 o ^ f n 75> , T , „ 

£ ft /J> (C t 6 (7) t* 6 0 R & m tR L 0# jS , » * L < l± ^ f V + /I/ x /u 

1f*5. #*L<ttR/Ltt0.3*»-efc«9. <t<9«F*L<fijKl0.1-efeSo 
[0136] 

WT^t >/^ItSit{:oPt , # (c - t t> *) <D ft ^ PS 0 , f g||(iR = l 
(tmSl) { L=lO/imt?fcSi:S£Sixr^5, rcDjlfflti^:t)07K7 1 >'v'-t/^ 

TSftK^lSiSftSo 
[0137] 

*»^. ftmmwn, &mir^* & hiz&^x mm* ftititm'v mm 

£ it ft , B8»tt«^»ftSt£tk**feoJ:5^»«Sft5^#^fc5 0 ^tSc^ 
o * * # < ft ft tf ft S « ^ , KHtt»* Lv^totftS. S «b t£ . # «t S£ « a* 
, * cofdioig S ft g£ m-ifc'<tt:«Wi*i ^ E „ a , RV'Jt8«jtv^t*tffS:to 
«t 5 * <£> flt ^ jS T? B S ft B K <o * 6 m « S ft S ^ *s » * L ^ „ ::t'li, 
Jfctt«*^£^5IStt, t©i©jS"eiUS4JUi:o^r*4< t fc ¥ ft S 
^S*i-5t>^ir%x.6r^a^X'^6 0 ^ft^^^ftfi, ft /h fit t B „ £ f*^ f 
5 0 ft f* d , ^Bf^®^^^>^^/u^^/u<Dig^^ft{&PS(c^6fcfei&^W^ 
>«S^to: ^ & » * L p n 

[0138] 

5.3.3. te»^dS:fcStd&thi-5»'& 

[0139] 
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x v m ^ tt «c * co a * » gi -f s fc 46 (c ft a ft *s ^ ^ m n & 6 « » -c rMts 

Aa<C3ftSfe, tjfipfi^li, (iS^lohS^an f I £ <b , IS « # ik 

Vtm\zk£&Zo J:Dtt**<DiKi^*fe^*s»(i*ix^:«, B# ffi t „ „ & t n , 

[0140] 

*fc^ c -fc3>#jjfej;'3*t*t„ » & t „ , r 0# fcl & m ^5 t> <£> X $> Z> 0 d <£> «£ 5 ft 
J; 9 fi ^ 0# M -CMS . te»$<?)J: Og^KT-liJ; ^t^a n fl^tl, ffi ft co 

^ > ^ ^ ^ ^ ^ ^ ^ m tj: h \c ^ ^ \^ \z mm ^ ^ ^ m ^ h n ^> o mj$<d 

^ )V X , ^K-r^Stt^^^ibLtt^ofe^Xtt, it ^ if ^ l o CD # x V is 
\ $ ^ /u & t „ r , «f» NR fpi t£ tic L fz <D ^ -T ti X fe 5 i: (5 5£ £ fc ^ 

^*x/Hrtt«S*5»^l:ov^ttt, K D 7 h & # 5 v > ¥ £ * — ? \z. S -5 

[0141] 

- <o x 0 ft ^ 7 s >\s & m m -r z> tz & tc «a , tttfc*DottT-jos> g*^mco/*cfe^p 

[0142] 



[ ft 2 1 ] 



1 




dx exp{-x 2 /4Dt ofr ) . 



(21) 



J4n5t t 



t£ » ^ D t „ f f {£ It Jt & . W /h $ I* » * , an (l, (iiSCA7 Wan tf> 

11 tc ifi < 0 - co » £ , an ( l) Rlf a „ ( 0 } (&^as«a»;h,fctt«tcfc£*5tt 
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* 5 a> x n m rfii m — o tk ^ > > -v ^ * * ^ o m Ri tz tt tt * -r £ ^w^tti^ 

tfc5:t*:t*t5. fc*:L. tfclR*^itlRW*#V^»^. n = - 1 , 2 
[0143] 

x ) > 7 ir Z> tz tf> lz , a „ & m &) m m <n m t&lkV&ffi t L X 

[0144] 
[»22] 



r^^ltMi, <x n (t)> ^(^{^n^^^^^co^T-^S^^^^ 

— /w * ± *p i£ &) fit ■ fi , ifkiDiK.lzXV&tbbtiZ) : 

[123] 



[0145] 

w w -C t> 6 x n (t) £ tf *x S , ^tfBSIBt^ttottlR^DOtt^w^^^a 
1124] 



(22) 



{^(tJ^tfc^L 



(23) 



(24) 
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[0146] 

: : t' U f: , : Wi^ A D^D^lO^^ ^^tttf $D+ AD(D^f ^ 

[0147] 
[ ft 2 5 ] 

W cyc^-«^4 ■ frcyJfxfy <25) 

~ «b CO 5£ . AD<<Dt J fo6fifi|Wi^if5ll, A D7)^ J:^D^±r'fo 

5:oi^i;o^rt)^i:^!^^iii;t6 0 M <o ii 9 . 2 i & t>* 2 3 . 
J: 9*#^tt»*S:t)Ott^3jsj: 9 /h £ 1R * <£> ^F- J: 9 fcAilKSSttSrilo 

fcS:i£liEL"CV^So 2 5 (j: , S4 5 w i^ - ^ ^ »i S n 5 : ^ iSE L 

^4v^l^L, ■S^n^-f-yi/BoEB^N, y c t & lc mM &} m -t Z> 
w t tf> *b . » Bt 51 ^ f 5 o $ p, (c . S: 2 l co m Wi <D tz $> , » Bt W M , * ^ v 

[0148] 

Sbi:t. „ SrftSnb^-SMfcfls ffia$<0»-&£:««Lrt:tt#-O31 
jRt^:H^t'H 0 FiJ i (i* , n , y „ . #: 6o ^ K j: 9 * b *x £ : 

It 2 6] 

a D n'-a p 

N = ^ir (26) 

x D D+AD' 

, t „ , f * -7- ^ -tir ^ if ^ l o <D v- v 5/ * :n fc t£ » L tz f&i ft (D 
-^CSELfcJBtai 9, 2 1. 2 2 & 1/ 2 6 (D ft fig (ft ft /j> ft [c «t 9 '# 5 C £ 



# 
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[0149] 

J;5ift*ftS:»iit5t«>wi owj»^»*ic45^rtt, ir *f * /m* in t . „ 
$ it . Jfc tc it IK * <z> <t »?fg:v>^^o^Bl^fca6(c:SiS{t:^tLfcJ: 9 * # flt * 
ft*W>i-^^«li-S«t 5 f£ ft ig ft: £ it , * *t "C fc ft *5 J: 9 /h £ «r <*> «> il 

[0150] 

5.3.4. ftgftftff^B : » j& <P ft H 

t>5lo<D»ftsJBHBtt:, 2oo«l"ef4ft< 3 o WftlSri L T *f y t 

1. > is ^ s)s % > {cmig x. & ; 

2. t y^^(Df H l(: l [EiXfiltlEj/Kf y i/t /u^M< ; 

3. g*fetfc^pT^ici-5 0 

[0151] 

y y ^ x ;u X 1 S lc t> # o (t /J> < T^lSwigv^-i' Q M 

ftte # t p u , , , < < t „ „ , t . f , ^Itf I tilt ^ li5o 
[0152] 



m 
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^ su <o & & * & t -r 3 m r* n m w (c 2* ^ ^ t£ v ^ m # t >- *> ^ /> £ ? 3 cd ^ 

fig a* JB ^ 6 *l £ • L<l:^9JIIttt\ ti^Wttl-R, O 

WfitocfcSlSliVo / 2 ffif e $ Jx , «*fWffilR{:fc2)tStt - v 0 / 2 

tc «r m $ tt 3 0 b* iw t n f f Kitiitsuarofti-ett, tfin««f^±t» 

jili$titi^^lW2o^^jii:iR|-tfo6 0 *D #J * fR 3 <0 4» fB t£ *5 ^ T 

, *B#Wffifi-R&tf+RU:fc£m«ti: + v„ / 2 m £ *v , ffi *f ft ffi H 0 
Id 5 * n m « tt - V o /2i:«e$ti5o r ? L T . tt^S:*Jc»ffi<t;-t"5* 
V > V ^ Jg CO *r is > ^ )V V a. /V rt* f£ «9 ft $ ti 5 0 
[0153] 

, # *° *r > v- -v -y - -Y ^ * <D & * (D $ * co 4> , 13 £ Ay <t* & V^ffi j$ 

[0154] 

5.3.5. j (Z) H 1 1 f : 2 > 7* 

<fi»»2fctJ«5)'«ASjfiCSt#tcfflaS:±#S-fr5ci:Sr^tPo :^Sili, J£ 

aW^fiv>tt1RttS:*L (5£ (2 7) #hb) , SfcjRSr5**ttftfflWfci«^ 
ftia-Cfr^iiSo ftJUfi-Ctt, ttT-ttftSWl-K^tttttt*:*L ( * (2 7) 

tt^Rtf#^<0»ftRi*#«te*<D±5fc * it it * « -e , a 
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[0155] 

rt* T* £ , *^itt«!tt^±#*-li:SrLi:t>-C#6. a * * *D # 14 , £ <9 W W) (D {& 
^ S ^ <n mmfti *3 J; ■£ 1. 2. 1.5. 1.8, 2. OX 14 *L £A _h <E> « K J; 9 ^ 5 

J:9i:Ltftgt5:^t*6. 0U x. f4 , -*«DNA<o»*ttt, « ttC o j» 
jfeOT«id'f)i»jS»Tj{T*taiS:i#it5:i:AS-eS5. tK i§ jR 

Xi4 7K^ffi{Ci5V^?^ffi"C{4, ifi it f4 *5 J: 4 °C ^ P> *5 «fc -t 9 7 °C * T* Jh # £ -fr 6 
r 4: jjs Tf # 5 • COJ:e>{cLT, M x. , ^1^5 0^1/5 liS^tODNA 
» & , «tll3 0 OSl/3 0 lSISt©DNA^6»it5:i3JST?t 5. r& 
K 9 > ^ X f4 M « £ ft; 14 . itB^Sffi ^ > F p-z^^^-zM: J; o tft 5^ 

[0156] 

£ p> tc % ffi us in t4 , m*&W)mm*ifri£ + z{&<D&<fr&m&}izmm-rz>z. 

klCXVmmiStlZo w *X <b CO ft {4= f4 , «^^RtXf4^fflC^n^7^>^^^ 
* 3 o (D.A.Skoog, f. J. Holler, R T. A. Ni e lman, 1998, Principles of In 
strumental Analysis, 5 th ed., Saunders College Publishing) — #x tC . ^ 

o^h^77-f-»wi^ifijji^iBffl?r«/jra«f4, ±x (D^mmm^mm 

FT «B "C «> S o 

[0157] 

5.3.5. ftfe (7) H Jfe $1 : 
il *P W * fife H *£ ffi « t4 , 81^»^f(OjKfy^t/K^7ye , y^Xrt:IB 

t'fc5„ *«wo*is*-cf4, **«>»T-77^^>h*siittr*^f45S-t-#s 

a* , J: 9 /J- £ -y v ? * >- b ^ ii f£ -f 3 f4 + » * -9- 4 * ^ n & ^ f y t ^ 

[0158] 
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b £ ft Z> o r o ffl ft Wc tt . «3ttWXttW*W*c:»4rjc<ST-rs 0 ^ fc J; <9 § /h 
tz tb icmmikir % r <t as r* # 6 . 5> 8S i~ 5 # <t> « # ft t£ « n m m «= a* * ^ a* 

[0159] 

7^^Mi, J: 0 /h £ < J: 9 K A <n /h £ ^ 7 ? * v b t it ^ , - <d ft ii t£ 
■e * * ^ o - S J: "9 'h £ * 7 7 ^ ^ ^ h a* ^ y zf <o ft ffl {M ** £r ffl 5 . ii ff ft co 

i^ftScfii&^^tt, * ti x v t> -r ^ \c * # & ^ ^ ^ 7« >- h a> ii «e -c * s <t 9 (c * 

[0160] 

M , 2 0 - 2 0 0 b pWfi|WDNA7 7^^FWi^*i:, i"Sr^ 

Ht^^fif t , 2 lme rd»620me r t#lt5ti!)(:, 1-1 

OkHzRI]tDJlftft<!:L,ft*3#3:L<tt:, 1 . 5xio- J ^r H 1^>^S, 2 
. 2 X 1 0 - a #r B U7«lt\ R XI 1 . 4 #Mt5 ( -t tt *L , D = 8 . 1 
4 X 1 0 " 7 cm 2 /«? » t>* 7 . 9 1 X 1 0 * 7 c m 2 /» % £ tf # IC ffl ^ fc ) 0 
[0161] 

Ml h fa * L < f 3 , 20 1mera>fb200mer£r#gf-r<5f::#>fC. 5. 5X1 
0 " 5 8> Pel CO 7h V #C fig \Z X 4 y *f- U , 6 . 5 X 1 0" r " tf^^7tl^ 1 0 0 
9 Ht«t5, 

[0162] 
5.4. DNA»K^g)j6ffl 
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A ( m 7L c D N A , y y J* D N A , tfc D N A ) & V R N A W J: 9 ^ftS^^ 
PI t~ 5 ^ £ £> & 0 DNAiDllKft^lilll^ffiWCDNA^^rt©^^ U^'^ K 

» f- £ *r * <x z> w £ a* b , r (7) # if tc jo rt 5 $u m *T fig ft o T ^ 5 o £ h \C 
, Jjf ft-eiii^jjs, ^ ft i£ g a , tftfctd sDNAi:o^tiiA + T»G 

[0163] 

& m t z ti 5 ft m ft m m ia , DNA»io«ffl»inaot*49, * — * * 

f*\ »b<fiJt«WaL^Ofc5f»Jffl»«F-T?«>6DNAiajlJft3E(Ofc«>^tt % D 

n a j* - Jtt I- ¥ - X X tt S *f (7) # M b£ X ft m S tL ft < r f4 ft b ft i> p r <d J: 
3 fc L X , «?BJ>I*£RJ£IU 9 4«SnfcDNA«)7 y a - h ( PI x. F . s 
anger et al.,1 9 7 7, Proc. Natl. Acad. Sci.USA 7 4 ; 5 4 6 3 ; M . M 
axam et al. , 1 9 7 7, Proc. Natl. Acad. Sci.USA 7 4 : 5 6 0 ) £r N ^ 

5gW^»«t*te«-(+i-wi:35Spr«"C*>So t^f^fftf ( » 55'J ) tnftftiSDNA 

5> m <o h 0 1 Kommftwx-te, m ft « t> t ^ ± 5 % x « ± 1 o°/o(o^isi^ 
dn AS^*rtwt^ x <*> y< ? - v x «t &t & a a £ a -r s * t- m £ ti z 

o 

[0164] 

5.4. 1 . DN A(Dfet$ 

j&fE&U^M'*^,* — ? <DmtRV> tz ft \C m b tl Z> s s DNA^t/d s DNA 

[ « 2 7 ] 



fc *> * * , Tiifis, 7i nftmm«(D^m ( « x. « , * ^ o ^ x 1* 0 . 0 1 g 

m / c m SO , r fi W 3b *Ct * fS -C fc 5 (Doi et al., 1 9 8 6, The theory of 



D=k B T/6nr\r r 



(27) 
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Polymer Dynamics , Clarendon Press, Oxford, p 3 0 0 ) 



[0165] 

«tts sDNAi^ot*»t5[fi:ov^ll, rtt@te*Si:LT«tfJS*T,S 
D * >$r - y v ^ M 755 % l^<t:(IIOs s DNA©i»ftSiEI6*atB«^ftt 
^ 6 o - t£ , mm y 0.6 <t LTT~N -C *> 5 (« x. fi Doi et al. WUi 
£ # bb <D c d: ) o dsDNAt^ofcJ:5l:a>>ISb , efc5*^RHl:ov> 
T (4 T a/In (a/b) t'fc5:i^t)^§ 0 N | Oil^t t) O d s DNA 
l:fev>ttt, cco^f^^f^^^ h — * * <B ifc RU O ft S ft «: , J^T^^t)^^^ 
: 

[ ft 2 8 ] 



1LT 2 9 8 ° kX'fr&tfcfctsn&o 
[0166] 

[ ft 2 9 ] 

^dsDKA = 1 * 14x lO^N^cn 2 /* (29) 

<C *5 * + . Nte*S*t<Z)ft-efc£ ( Weast, ed. , 1 9 8 7, Handbook of Chem 
istry and Physics, Chemical Rubber Publishing Co, Boca Raton, FL, p 1 1 

7) 0 mm ±, Ni:»t58»ffit^, *3 i t©jt««a^i n ( n ) m^^. 

ELTV^o s s DNACo^tli, ft m tt , S 1 £ W «C & O 5£ ri> b » £> ft Z> t 
[0167] 



l/i(a/Jb)* B r 
3nna 



= (l/W)ln(0,3N) X 1.5*10" 5 cm 2 /f 



(28) 



[ ft 3 0 ] 
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D. 



= 1.14 x 10- 6 AT°- 59 cm 2 /s 



(30) 



— **<73feIija>bfSf3<*ft5o W $J , s s D N A t£ tfe *S , N 0 ' 59 l N 

£tf»£>ffii»£;h,5o 0ij x_ F3£ Doi et al.,lWfcH. £ # HB <D ~ t a 

[0168] 
5.4.2 t n „ R V t g f , S ig ^ i§ 

§ a t n B g2^i_L_Li^a 

^f>->ir^9x/^t r'DNAifrS:R5lt5wi:^i/j;i§Bt*fcS t n n 
tt , t„ „ l:oi>t<DSi 2Xlil 4iDNAOl4ISSftl:o^t«)S2 9SrJ« 
3 Ota^^btSIiCiotftStSrt^tSS, DNAiOtgQIi, 
s sDNA{CO^T-N | e - | L T d sDNA{COV>T-2N | e - | fc 

5 0 ^^MliWVo m^liO (L-R) ^ffl^r, t „ „ 75SJ^T<^^:** 



[ » 3 1 ] 



t 



xl.lxlO" 4 sec ssDNA; 



on 



lV e /2)N° 



•0.41 



(31) 



[ ft 3 2 ] 



t 



on 



(V o /2) 



x 5.6x 10" 5 sec dsDNA; 



(32) 



113 3] 



t „ „ fi , L &. t>' R A* /i m ^. {£ T* 
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= {L-R) x i0" 4 sec r ssDNA; and 

RN°' 41 

t = xl0'*sec, ds£W&, 

on ^ 



(33) 



^2(1, L = 1 0 /i m , R=l/ 1 mSO { Vo = 1 V (D W |C O P t O # 

[0169] 

I * 2 ] 





r OT for ssDNA 


t M for dsDNA 




(sees) 


(sees) 


10 


0.0071 


0.0091 


100 


0.0028 


0.0091 


500 


0.0014 


0.0091 



— U v ^ -f & o :ixli, s sDNAXt^d sDNAi:o^t«)Ni:*l:*45S 
T*x>5r — U > "T £ 0 s s DNAl:o^tli, igSb^^^T-S«!:*f-i»?gMfCiS 

T* £ a d sDNAlcov^ttt, »^«lc»t511*«)»#tt35S|»rfr*i:#t 

[0170] 

Ar ight „ f f 

# * u < «: , » ai ft t B r , fa . ^ ft # k 0# m t t n t & * /h -r 5 «t 5 ai 

^ £ *L & 0 T , „ t fi , T t o , O V> X <D i£ 1 9 £ N c y c Co^t^Sl 

[0171] 
I £k 3 4 ] 



D & O* t „ , , |:»t6a D fife # ft . ^ 7 ^ b t# ^ ti , -tifi: 



# 
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[0172] 



[ & 3 5 ] 



(35) 



[0173] 

T , „ , £ ft /Jn (C -f 5 * , 7 * — 9 t „ , , tt T , n , o ^ T * /j> fi 4. 
#^^<IIW(:^l^t^5 0 7 p< - * t n f f , T , n t £ m 'b \c -f 

[0174] 

« 60 a« 7 > - * frttIt5tfe(OCf UtO^P ^ 7 A 0j 755 8 ®5 12 35 S tl X 
N + AN, ^LTs sDNAM s D N A | ^ 5 e ^ /£ V Ote: , tK 

&-* ^ tu -r tz #> m m w t „ f , ^^®j$-ti:5o m^c^, t„ 

„ & V t B f , & N c y c R t>' T , „ , Sr*tf»f^oSO!cSI¥J|i|B^**ix* 
o tti ^ d f* 1^1 «R ic , ^igfto^t?^oi5[S^{c-nb^icft(7)fg^^^--r6^z 
^^tttiit^S, ~ CD :/ n >7* 7 A , Cfilny/^y&O'?^^^^^^ 

^ — * is * ^ ± x* <d mft <n ti tb z cn x 0 te-mmtzffiwi-F z> z t &x $ z> 0 

[0175] 
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fi , S £ 1 0 0 CO d s DNA»^^*tt»IIStrt(DftJ 1 0 5(Ot)(D^f>^i 
£ *L 5 r <b \Z t& 5 , L = 1 0 u m 2& 1/ R = 1 u m^tt^/Kry^t/HCO^T 

cot,, , r * ffl ^ r , sits, ii 3d, :ne> 2ooftiwpfl^ 

[0176] 

&0<R=ljum£W^6^^>v'-\'^-C, TkttSIft'O^^TfoSo 
[0177] 

[ * 3 ] 





TJ * 


LJcm 






*v 


ssDNA 




JV= 10,AA^= 1 


0.48 


0.083 


0.0053 


2.3 x 10 3 


0.036 


100,AW = 1 


71. 


4.4 


0.015 


2.3 x 10 5 


0.019 


7/= l00,AAf = 10 


0.85 


0.057 


0.016 


2.7 xlO 3 


0.021 


//=500,AN-25 


7.0 


0.18 


0.038 


1.1 xlO 4 


0.017 


//=500,AW=50 


1.9 


0.052 


0.039 


2.8 x 10 3 


0.019 


dsDNA 






0.32 


0.028 


0.013 


8.7 x 10 2 


0.032 


N = 100,AN = 1 


150 


1.48 


0.098 


8.5 x 10 4 


0.017 


AT= lOO^AW- 10 


1.9 


0.021 


0.11 


9.9 x 10* 


0.022 


N=500,AN=25 


32. 


0.067 


0.50 


3.8 x 10 3 


0.018 


//=500,AAf=50 


9.0 


0.020 


0.52 


1.0 x 10 3 


0.020 



o sett*** # m f£ co ^ ^ ^ t+ # at b# p«i t , „ , ^i^t„ tt, s sdn 

A & rj d s DNA|:o^T^20^^^Il 0 0&LF5 0 0 Cl <& ^ £ £ 5 # gf 
HfB^^LT^i, : : T' t)^ f: , £ T CD # g§ te, L==10jumRt>*R=ljum 

[0178] 

0 1 4 a* b , # « # , l%WT^»»ffi^^S^-rSiB^Jft5tco«^(ctt;'<. 
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5~i o % <d ft m m l t>* <& m t l # ^ u- -r x w <b o # £ & as % -c &> -5 <b ^ 
5 c i ^ « e x* & 3 c 19 1 4 a> p, . & m t $ ti z ft m m <d 1 0 t ^ 5 « * r- 0 % 

ft^T, n , ©1 00i^5«St©«ftfc*< fl ttl * tf , 5 ife S co # ft? fiB (5 

% ) «t 3 ft $ 1 0 0 <d ft 7- co # hi , 1 mm <d ft mm. ( 1 % ) tc «t -5 ft $ 1 0 

ocnft^<nftm£K>h25mm<'Mftx*$Z> 0 tfcoT, rcoilBSrffl^ai:, d 
n a to jfi it & be m ft * & tj* # ^ £> r m ^ * -9- >r xfPffiasnrfig-cifcs <t i> 9 r <t ^> 

«e»^l:t)^5. « i tf , »BlttE*t«r«3!-rs^Xf4fi«S:±#S-l3:SCfc«cJ: 
or, Blwt^XSrBiUILttlRsptil^sti ^<aS£fi<o#«fl#|8n4M*l 
£ *l 5 0 

[0179] 

5.4.3— g V ± J\s <D {§ >k gg 

r CD gfi -c f4 , # K p# m ii < * 14 <c 5 (5 ¥ d ^ * <D 15 ^ # 5 s - >- * /l- 75- # £ 
L < r <!: (O |§ fiE #y o ^ T ffi i£ ^ £ 0 1 0 jumtV^ISSLfcJlSllft 

R/Ll:^^ 9 CO f4 , Tjf ^ ^ v- ^ ft /h ft t$S # * <D > -V £ ^ f v <7) cja {d J: 

5 *^i^*-et^*it^5li: 4rt*t5o * 4 J4 , * & U m ft <D m - m M ft 
ffiife ( i % ) -C ft £ l 0 0 <D s sVNAmft<nft&<Dtzito\zfftefrtitiVrM<Df& 

[0180] 

[ * 4 ] 



R/fim 


T.J* 


4n£m 






% 


2 


246. 


4.0 


0.058 


2.5 x 10 5 


0.016 


1 


66. 


4.2 


0.015 


2.4 x 10 5 


0.017 


0.5 


21. 


4.9 


0.0041 


2.3 x 10 5 


0.022 


0.25 


9.5 


6.5 


0.0012 


2.0 xlO 5 


0.032 



R/Llt3&s«'>1-S^on-C3SBotttBf4«l*i-S. i-ftto%*W-»«H»IB«4 
[0181] 

5.5. g >T :/ I Rt^TTCO^ B cO-y^ g p 84^ 
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« J£ 18 Id *5 V * T , ftlWt^Xli, - Jft tc fi| 3£ a ft* ?5S f^p <g l rt> o « 13 £ *i Ac # 
W-r>f^n«aiK»*:fflv^fc»3ft*ffio«Sri(B^+So * * W fi * * CO fife <£> & *t 

K +■ «? & I*. 

[0182] 

7" I S^TT(08tW(7)t>f Xli, ^iiCf^o 1 c m ~ 1 0 c m X* &> 

*) , »l«i:»L«*fli:»l cm-1 0 cmtfc§. agertO^^^^^fi, 
Bft3 0 - 5 0 /i m % 81 $ 1 0 /i m , X* 1 0 0 /i m S C «i ^ tl , m & 1~ Z> ^ \ 
^*/U|Bl<O(tHE«ttft5 0/im-r?*>5o # « ft -fe s/ h CD * CO « S li , «J 2 0 /i 
mMM £ tl s i"^^^L = 2 0^m-efe J 9, 46 ft *ft 0 . 8 — 1 /i ra t 5 c # S 

ft ir y hco^com^fi, li#*<0«^#/fttffi#Mfc:»»S*&ix5. i" * t> -h 
R = 0.8-1.0/zm. #^i$C-tr^hco^com^fi, » » O «E* I: » t 5 y ^ 

[0183] 

fB«6<7)fc^J^^^|^#, T tf> ^ >T * n Si |f j® f* , pj^^^^^^RfiUll^ 
6D & £ (Sze, 1 988, VLSI Technolog y, McGraw Hill, New York) 

5.5.i. mm 

6 0 tt»»4SfiHtn, n > y * , **^-^g£i£, >< u y V x ( 

# y s k * £ v> o it -? =7 * ? y ? a« ^ *f h ft z> . # y * m m <D ■+ m ft , ^1 

— 10cmXl — 10cm-C£>»9, I^fj: 1 - 5 mm t'fc6« #7*g*£<7)il^ 
y - ^ ^ 0C # 7 * <7> H S£ ft ffl * 9 -Y K , l^li'7 5 X 5 0 Xlmm 



• 
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(D * 7 4 Kt'fc5 (Fisher Scientific |±^7^n^#:^-l 2-5 5 0C) 0 
[0184] 

* <Dm±r <d-? ^ ? u mm , mm & m& l & < r « * e> * ^ 0 # 

d^H.O^T'^^L, If H , O -C * # L . ft 1 5 0 °C <D * — rf > T* 1 0 # M 
[0185] 

5.5.2. s ffi ffia as 

fl , A 1 , A g , Au&VP ttifeS, *«^fi]fflprtB<cCMOSi»3BX»S:«E 
fflt'Hfit'A 1 tf* * fU -C *> & # , r ix , ftAJi^Jt^m****:***^-*-^ 
<b ^ 5 ,£ T* ^ f lj 6 0 T i , N i , Z n , R u , P d , T a St/Wft P> t/|: K 

y^S:ffl^X^t(7)ff*U^&IlcaL/cIlw*fe, P tl:iLf:Sl Wftf 
[0186] 

mio^&Xfimi <0ft»tt*ft*jB^fc«ttM56 * h V v 7 y 

y 4 — <D fz tb <D s< # — y-7^^^SS$ti5 8 Hi 5 fi * ^ ^ o — MtM^L 

1 50 1, 1 502. 1 5 0 3 X^ 1 5 0 4|:fc5i54tiH, »l 

£ 0 mmn . 2O0lftt y M:»«L, #-feyhW*«tt, « « y K 1 5 0 
5 & 1 5 0 6 9 1 o{:Sa$nt^5o w n ?> CD ^ y KliEfi««it* 

« f* , EKiL-ejsiJHW^iBBij^ijsn, svMc»LE«R^Jt»tii*-a:e>*Lrv^ 

§ (: 1 pf i T* 6 o x. tf , ^3?*B5±i-»*Lt ^ o ASri«Wi:»*t5 
- <Mc £ 9 il ^ ft ^ * ^ riM# b *i 5 <, * o a , fifi] x. > /< * - > £ jS ^ d 7 7 
A©fci()i:A*Sr»«t5IH|[«affl»tl-Srffl^tl**Six5 0 A ^ ^ £> 5 
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4f,tf, J; Xjjiffi Lt^ ; n t-ffl tt 5 f ^ Xii- w (c f 

jf ft 

[0187] 

$tifc4i<oiSf J|$ l/im«i«:»*Sf5:i:^P)fe^5c A JH ■ tt *5 J: -t 

1 00nm^6i3j:tl <iml:t5:^"C*, »*L<« 300nmi:-rS o 
illi^Utt^llf , * 3K # X ^ ^ 2/ ^ U ^ ^ J: 9 S c? iir <5 c i: T* 

£ 3 * ^(D<t^.^m®coji{c^^M^^hL-^^K^^t o v^-- ^ >- ^ £ ft 
(a «9 ^ * h * Mcte¥Sti, 3t k s a $ n *: « » m m w n m w ft m m «c «t 

"9 . Bfr 3£ tf> Bff tc @ £ ft 5 0 
[0188] 

m ffi f* , ^ * h u * Ma 5ftS$tiTV>/iV>^JSS«S:^3'f ^^t5 r 
iricioT^^c^ft^c A 1 tilco^tlj;, 3i y ^ >f , C 1 2 (c * ffi 
*BSt5:M:J:otISt'#5o Cl 5 »^-«:*ffi±^AlM^-tSl£LT 
A 1 C 1 , & £ f& L , : 1 C I , fi , **tt"e*ffi*»5>|iift5. A u & A g 

% r>m^hJi^^>^ti^^L<ft^ 0 mbottftfifftKfiAr+^rty 
; ^ y^^ffl^t^^ y^H^o w CO £fe "C 14 , A r SS)I$&7 p 7 

[0189] 
[0190] 

& 0 :«)*Sl4tfcRu5i;P(HSi:tlLt^5. K it 14 . 5£ v- * ^ J> & 



m 
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ffl^fcf $ 1 0 nm^T i WSI^f,fei^ 0 ~ <D T i M & . f CO i (7) P t f i; 
^7^Wfflroft|fSi: LtffffltSc & I- . IS 1 0 0 nmOP tlJJS, Ar-f 

ir P t <D ±m l£ 7 * b \y is * b £ * f > 3 — h L , ± 11 * — > £ t> 

^ y y^tffl^tl»4Sii5, ^; !i y y ^ p ir x c ^ ^ r (i , IE c f 1 $ ix fc a 
: w x 5/ f y.^ ^ t> <h t; ^ T t 6 t , 7 * h ui^^ Mi T -fc h yt?S«Sttt 

[0191] 

AuClLfc*20ftf »*ttfi, <4 * * & mmtt ft (//CP) ^fflv^ 
(Xiaetal.,19 9 5, J.Am. Chem. Soc. 1 1 7 : 3274-3275 ; J 
ackmanetal., 1 9 9 5, Sciece 2 6 9 : 664 — 666) 0 7 t b !i V ^ 7 

7 ^ — * ? <n i\ *) \c ^ mx^-ffccon — ^? — y c o t ^ ^ n t x 7 ^ h ^ 

f /ui/p>ty^p)8a-C#5o iftriiii<E>1><o£|5]«l;:, Aufi, If 3§ (ft & £ ffl 
iir^j&yf t-Az-eiiftS^i, ^^®(^ffLoit^n6 0 m m r a ^ ^ 

^ — /U , CH a (CH 3 ),«SH (Kumar et al., 1 9 9 4, Langmuir 1 0 : 1 4 

9 8-i 5 i i) -c£>£ 0 4*ii(ov^-yftsntaaa4sr;^yf t 

-/u^JicoSJffliStt^Jgjgfi, tK * "C o Jjg ft » * fir * 5 w fc K J: «9 it ric # 6 # 

, * ti tc * 6 ^ ffl fg # ^ -e » « * >r x & ir jf -r 5 t ^ 5 *u * s *> 5 . * 
m w u & a< h is r is it m m m (o.im^kcn, imcokoh) <d^ \z&m $ 
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£ C <b^J;oT|^i$tl5 (Kumar et al. t Sff tibS ) 0 3fc # i" "T ^ « . 
[0192] 

5.5.3. ^^r^i g2-MA^_^ L±, >iiAM 

«fc 9 8! ig -c # £ □ f^^^SKc^iot, ^^hyy^^^-^^^^iff 
^ L ft < T 12 ft b ft ^ <> Hi 6 AH, 1 orovxH'J^^Lt^^o ^ ^ ^ * ^ 
fi , * 5 "C ft *X tf ag W ft * ^ CO -h ^ , 1 6 0 1 R Xf 1 6 0 2 C 6 J; 3 C 
SWftlffit;iJ;i9«i*£*L5o # fiS co fH c tt , ^ * L ^ ^ ^ > * yu(B ^ e> . ^ $/ ^ 

if£n-Ci^3:/n3i?;MwO^Tte. fgryy^j/ Mi8-1 0 wm-(?ife5:t 

1" 5 o <n M <d m w fit , a* L^f +y*ymmi:f8Jn5fcP)i*5 7^^* 
^ h ^ Ad x. t t © t* 5 0 

[0193] 

m 1 6 B tt , ftf »f t >^^SISTf ««:0iJ^Lt^5o I^t'f t^^/H 
6 0 6 ^^of:f t ^^/Hj:, ^f*^r L t 1 6 0 3 t'SI? $ jxt ^ 5*ffi > 
CO JE ^ ffl RS rt> , £ # £ L T 1 6 0 S^^StiT^S&fflv'— vco*^PflfiS3;-e 

Hx * -r 6 o Mffi *S — > i 6 o 3 i^o^i^jE^ttoic, ^ -r > * ^ > 
ra co a * Lv^r«1PlJ: 9 t * # ^ a *i <n 1 6 0 4 t v^ofcaA^- h ^ nx ^ -r 5 

w ?a« «B t ft S o I l 6 Bli, Br Jbt co E & ^ > * £ ffl Tjk L T ^ 3 ^ , 
;t (;£ ft ^ <b ^ o 7^ # ift ft 

[0194] 

«i:i*t5: i:i:J:ot8S^lT*fc5o #J * « * o ^ , * - > £ & 7 a 
[0195] 

^ >- * /u » i£ fi , ^7 ^SS±lc^^S7 * h u * f> £ t° >- =i — h t5 



# 
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^ * K'^ — h L (Microposit SI 4 0 0 — 3 1 , Shipley, Newton, MA 

) , 9 OttO. 5»IHIlD!Rt5:i:l:J: 9 7t h h tSStt 4 *5 : t 

? * mfo±t£ ti v $ *t h ti , — uv*«ri^t7t h 

h _b fc £ij f=p £ n 3 e UV*lcBS$tifc7*M/i;^h©«UH: 1 S ft £ *x (H 
2 0 t Microposit & & M M ffi fa <D 1 : 1 S «K Shipley) , ft fgt Z> 7 * h l" 

* Hi, i 5 0 0 CT'i^f^-^y/t6:M:J;ot£l^f)li^ 0 

[0196] 

&> 6 VMS , ft C r 1 ^ffl i>t ^f7 ^ Ifirt Ci*t 5 : i: t t§ 

[0197] 

& id , *i4NH,/HFx. 7 f y^'ii (BOE5 : 1 <h 

BOE10 : 1 CO 1 : 1 *H ^ J . T . Baker, Phillipsburg, NJ) \Z i? =7 X 

y f V ^ -C , 1 0-1 5 nm(7)f ^y^/M^lg^il, § ^ (7) |J T* 7 t b 1/ 

4 0 ju m Wftgf X|± % 5 5 ~ 6 0 ju m^V^W^ftftiOft^^^Sr^S 
t5o 3i y f V ^ O « . 7t h l/^X hXliC r Hi, ;L # 7 * <7) i# , Rfj 

i£ go £ 9 4iSiaH 2 S0 4 /H s o 8 Srffl^fc»iH: J: 9 , Ifi^ S n 6 B 

[0198] 

5.5.4. / TT(7)^l(Df > ^ ^ R I 

o ^ffWicl^^7thyy/77^-^^^^l!l$n6„ 54^^ 
* ft — » K , SW3oO ( ^|^TN/I (^)lt^f ^^wKOi^^iHL 
Tt^o t 4 ^ ^ , ^ 1(C I CO ^ ^ ^ (i: , t>^/K^I^ISt5 2o 
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^**<D»9<0»#a**SWfcttl^&3 ( * # S * * ) . ^3(C, CD 2f & 
$ ti f t ^ ^> t>'f t v ^ /vi o -i- ^ i Ei (: - t l T ^ ^ < r (i ^ ^ 



[0199] 

77^--7^^*^^Ift|:t5li^^Si:4 5o * ^ ? — > f2 . U V)t 
*I»t5C i: lei 9 *y 7 ^; hi/^^ b±|:«BiSix5. ^ ^ co 3§ ej! 

t£toto<DT <oi& \> 7 % K IB <0 « * tt , U vgrWiCJ: ^.^(SCi; o t^Sft^tx 

5 o * y r 5 K**>«i9 ig a 4 » it n\ -e * m £ n 5 0 « « i* . m ft a 

V ft i£ tf> 18] . SftStiSSotCftfifeSfilitS. * , # 7 * ^ * x £ 
ft 1 5 ott^ - K^-^ LT^yr^ K H £ 51 it £ £ 0 L T f -V > * ^ 

[ 0 2 0 0 ] 

5.5.5. ^A^ - h CO SI 3t 

>f XftSS ji, ao"C5 0 0/im*SjB«4*>fX-C*>S 0 ftA*-F©94L^ 
f^fXtt, f t L^RB©5 - 1 o»t?fc5; t A>f>, ^ » & TJ< 

ft m nS (£ *5 ft & ^ \Z ffl m t* *) £ tl it * > * ^ <^ , H 1 6 A CO £ o -f 

C * 9 — > £ 13 h H 1 6 BOiRStSft^^^^^-yoJ^ff^ 
[ 0 2 0 1 ] 

5.5.6. g^Ojg iSfe 

JSBrt^BBCfc^m^-^SrfP^ttJi-fc*, ^ t v ^> ^ * # o 5 « » t>* * co fdl 
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ft L , 8:i:gtt$-fr5 0 ^ ^ / i <^8fii: o t>r li, fiSttfis o 0-6 o ot 
ffiw.6»4^^7 f >f y ^3r*Ii:t5 0 * ^ T T <D m @ tc o v> r (4 , Tfift'>!l 

-f \s - h^«2 o o °c <7). j; >9 {& t^i m r* ^ > * /!✓ co y r ^ k * m % at * 

[ 0 2 0 2] 

5.6. m m m m <o m m 

*5BWOt*Rlf«)«lw£Sft«^tt, # M iff fc H m J- K ffi $ *x ffif m m 
]^ffl(0S^8S^iTt5 o w o *J ^ * , KMrtSKT^^^s/^fca^iftfP 

in - \z . itiriitu « = iz % mm>& + zmizmjzmmic * - # * l . * « 
ic % ^ hb & fi r. -r o 

[0 2 0 3 ] 

» • as « fi , 2»i«)igw«fttt^fcft»t5t*0i»on«t5-fc/^ 

, # -fe A- tf> b -t ( :& 3Md ) Iit5t/Mc, iryWf^co#^^coft(D9^S^4# 
S J* 3* ( T A- "7 r (IS) ) = **)igL» 

St;»(l^fi:»), SI^^BtSo ^t?^>^7r-r>'^>'-75 L ^^h (r. 

P. Feynman et al., 1996, The Feynman Lectures on Phyiscs, VI. 1, Assison- 
Wesley, Reading, HA) tt * O i 5 4»«*I-C*5 B 5 i 1 O t /V *ft 8 S 

f* , n m <r> 9* m + * « k m & l , s^is»i s #< ©t;n:»BSh5:t^ 

[ 0 2 0 4 ] 

^ fc s <5 r v> 5 o m m w fc a« £ r w k # m $t * m « # x > ^ ^ & m s i*uc » 



« 
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tfc » t£ <*> tt^ fcus ft a» ft * 5i:lt»|3JS8:5 0 Bier&^Astumian 

(M.Bier and R. D. Astumian, 1966, Bioelectrochem. Bioenerg. 39:67; 1996, P 
hys. Rev. Lett. 76:4277) . £vMffi#.£*;b£;ft, % fB!*/«C*jfe-C«ffiSJCgg3lSe$n 
m tt « ij& ^ #t IE ?i| £ ix it . t <D «t 9 *3S«^IB^*^JfieiJ€r^ Ui^ 
o & ^ * t> co , -fe ^ IB rc> t£ » X p -fe * . -fe ^ M <£> » » X cz ir x , & o? & ft 7 * 
— # x ( Sfc « * iLO i:ir/u^#cOTh^ir^ h X ^^f^^t'fc6 0 # SB W <z> SS 
S <r> m m <d m m f± , :iit#lts:ti:J:01*i?J 5^65. 

[ 0 2 0 5 ] 

T 'i * 5 K ft co - o o 3HJ ft , #ft©tyH:i3fco T»ESii5»llll«?i s *ft5 
ISril:Si5^^> hi:»7t-*^StiS:i:tfc5 B ~ cd tf> , # tfc co 
*yu(ct?ytor»iaS*Lyt»v^>-^^/u^J:?fttO«:, It ffi Id » # L T jjft * 6 
fl FJr ^ /> Sfc <7) ir fc m £f$ ft ic M tb . i^->^t^i:t5: J: 5 r tib^Ii 
t7)J&ffiSE£^3n-Ka6£ 0 12 Oa^oJ:(;0 2 Ob 1*5^2 2 t) tt**Lfct 

[ 0 2 0 6 ] 

*©J:54II7*-*^I1 I W x. te* . — ft ft ft m ta -9" -f X # Mi / -Y X D X if 

a > ^ 5/ x & w ^ ' w x y x << if — a > m \c , ^ a ^ >r x u x <•< if - 
/N^yyy^ff-^ 3 yg^^if;^i^) » ai -c *> % 5 o 

[ 0 2 0 7 ] 

* * W *> M «> « j£ Mt , «*»W*s*U»**r»«^+>*^»**||K:31JKW 
ClRlitSc i S I ( c co c £ , % ft & flf K *s ^ T fl . 7 r >f >- 

^btlt^fCo w CO ~ t > ^I^TtfW^-^aV (A.Ashkin, 1970, Phys.R 
ev. Lett. 24 : 156 ; A.Ashkin, 1986, Optics Lett. 1 1:288; L. P. Faucheux, 1995 
, Phys. Rev. Let t 74:1504) $6 X V ® % ft & '< — is b V (D.Long 1996, Phys 
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. Rev. Let t. 76 : 3858 I J, Rousselet 1994, Nature 370:446) W^^Co^t 

[ 0 2 0 8] 

**floR»f(0|oifi|jSii, i)Bf(b^tLti^fef^itw^if-r>^ 

i/M:L#KK^^ fcSiSUIStitSf D N A ) tt # ME 

ffi I ^ ffl ^ f /JW: t 6 I £ ^ 5* < M £ L i/^-o #RtHi::*i£igric-r5o 
[ 0 2 0 9 ] 

!E ft S spj jS , * ^ ^ -en $ n R ft co - o <D M #J tc ^ T , ISliS^ 
ci^^^^^cot, /h « « co ft 551J ft -0- -f x tc o ^ r t> , K e <t> ii ^ & r s iff 

fi ft ^ 0 

[0210] 

\c n m t? # 6 o # «E co £| « t± , 7 r ^y7y7^x7h^^iJffltfc±tcof^ 
(7)5)^fcJ:O'i^?:ti^^it?)M^ffl^^tt6 0 K^«fi. 4£ ft fi£ £ it £ 
it 5 co ic m w ^ -e # 6 o R m ft > x#i*3 j:t/@iRicfflv^5 - 

fib co ft ffSI * tc *s ^ r fc , fci^io^ffSigft^t^t It t) o Btt 
^-bl03tf^7r^yvy7fxyh^H-(^^Tt)J:v> N * fc fit * i- * * ? 
y -7 mtfTfe* £r fflPt , (optical tweezers) ^ft^^CD^^ 

[0211] 

Hl8lc*t*«BW7r^^^>'7fxyMSlwlft«tt, M * !7 y K *t W 
(Eg#»flO " StfeSiMiSStiftfixti^o fiiSStfccosvMcitt^'&ofcS 
m 1 20^ ffl V* h tl 5 o ^ *L <b , *ft< t t>4B08*/^ KCSHSllt^S 
o & ^ * K , + * K ( 04 ;i tf , fi±*5J:V*T3&*iE, tfliSTiis*) « 
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o & y K <o M n t> * 7 * — # ^ -v ^ 1 1 0 ^ £ o « ffi ^ — ^ fi , tR 

6 100; ? n XDi^-f XiiTf I^ti/^- V £ it J* L 3 5 „ 
[0212] 

-IStt«:*5:i:4<, HIES1 wftf^off* L t^Siil, ^CffilLfcDN 
A»ff#*ot*©fcfto»l«l:J:orill«Sli5, 3S«*i»«Jlc»»SixS 
^»W#*^K«^^»»B&it^«.a*SixS (S. Henck, * H # fF tH ■ # ^ 6 0/0 
67,387. 1 997^ 1 2 £ 3 0 ft K > #ii L t * S SB t t C S ffl t S ) 0 '> * <£> * fR 

\ 7J y< - * y X £ ffl ^ r . ^$«105 ^ p yBT^jSiSrf^So t^i^SS 

fi»tt<a*as-e»fls3ix. ±i£<z><fc9tcg&«ei**x* Ut^ifiTODNA*:** 
m 1^ * £ (»«^<7>3iKf i ^^-Y^<sr>»»IWAffifJcJ:0, fp^^^^MTx 
fi jg * <t Ltf*7*-*7^t y^HO^ODNAWJ: 9 it ft H f S: h tl h 

^h^^-XA (^ffl«7Kfy>t/M:»n?p^Wr7) (: J: 4 C 5 o ft fit 

£*Lfc««te*7fcK«S«tf>J: 9 ft «R 2P ft * * # ft K J: «9 £B £ 3 <> 
[0213] 

" 9 V y K » * " S « R tf lc H « L * ¥ $ - is tt ^ >T 7 - u - if - , f 

J; 9 ft'*^ — ^^rffl^-S ^ <t A.Ashkin, 1970, Ph y s . R e v . L e 1 1 . 2 4 

: 1 56 ; A.Ashkin, 1986, Optics Lett. 11 : 288 LFL. P. Faucheeux, 1995, Phys.R 
ev. Lett. 74: 1504 Mfa®£tlT^£ o 

[0214] 

gij o M M <D R If £ H 1 9 IC #J ^ -f 5 o KSttli4a^#»»4RtttSHLt 
4o«9, lift i£ 0> ii , t^7^--*^^t^ll0, m S 1 2 0 £ ' ° y 
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[0215] 

Watc-^^^/uSrleliR + SwiASHiHr^. m 2 0 a lc *t -J- 3£ S fi a* 6 ffi *5 
J:U«lsIiR*:*ft«c-t-St^-efeSo ^It r> a y 3 3 0 ^ _L IE L J: 5 i- 

* — ^ 3 1 0 £ , tVW 3 2 0 Sr^LtMWft*^ y K 1 3 0 I: ( itu f S £1 g O # 
« ® _h * /J> 5 T* ) ^>f y^t5:H:J:0, if > ^ I? 7 *■ — # * ir * 
V a V 3 4 0 *5 3 5 0— irJEtC^fb-r^o ;L if :x /!✓ 2 « 0> <P ri^ 

© re «c ig -r s o & , mtz^i/Yv — =7*w<omx-x, m^ny * — % *± ? 

«9 , # ft L * > ^ a* , — #*-fc*^3V3 4 0, 3 5 Orti:#St 

5f i»7*-*7^t y^l 10t^)3iJ|iOt^v'3yrtl;fa$il5o &i¥<D 
EI«ri2 0 blC/Tt, ±Blfct*J0i:«», ^^io J;t>'7 t-^7^t5 ^ 
iEKt^tfl!ll-2lS^ix^iiwfaj55£p > tL, ^coiS(j;ftS3 8 oiao 
T ^ £ £ 0 &mi>1t'&. *« 3 8 4 *iJ;tJ53 8 8 t/Tjti5J:5i:, 

I«i:^wH«t5S7t-*^-fe:^->3 >- 3 4 o, 3 5 0rti:89t5. «EE 
=2>hn-^^^]i9#x.fc^, 18 3 9 2fcJ:(/ 3 9 6 T^^5J:9(:, * « 



I. " 
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[0216] 

-h tc & tc is « l tz m e <*> » Vr m ic & v> x mm t fe&ztik t (D-mmttmrn 

^ffSt5 0 :^»*«:S§tIfc5*<«fflt5±tlS-Cfc5i:#iP)ii-C^ 
/h PS (C fl] x. (U 2 1 K ^ L h <D t ft z> o #iitt«-»-c-esfciS«a6*4io«:» 

iait 6 (^SliDN A»*fOt«)i:RCA^ y - y T'jlQiItS. S. Henck, U. S. 

Patent Application Ser. No. 60/067,387, 1 99 1 2 M 3 0 tfj M & # £ tl tz V * 
o RfflI(i#«lcJ:^(7)±S:S:*Wati:a^Ati5t>^(tt5) Q * if 

K 3 - f V'^^fcii^OfdlCO^r — -r^ ^^^W'r^Si^^ — 420*3 «t 1/ 430 ft 

P)t;i:ptt«fi±ao J: 5 l-»Plt 5o *!^x-^fi, Sliest i: 9 iS 
Ji^tcflOXL, tffc^L, 60ftlttR«l*:*#t5o ^ ir > * /W50co 

^ <b S ft 5 J: 5 I- -T 5 0 ISIUT, /h S fttt-K»»*x y r 460jjs-c# 5 a 

z ti & m 2 i \z ^ ^ tz ±m m & x tj m m m fa b w b x & z 0 ms<omM& 

ftW)& ±.ft t mmx &> Z> 0 z\ co K tf f- *5 ^ T , »t»4ti©*t>f Xwtfel: 

5 K . ««ttSES«-frLftl^J:5. i£ * L ft *i, tf ft ft 0 
[0217] 

± as co ID l 8 ~ 2 OJcHLriE*Lfc#iJ^SrHa*-fr*>-e:-C, ll^ft^^^ t 
[0218] 

» * L^*Jfc*«0>«tt:* 13 2 2 Id Jb ffi B <!: Lt^t 0 i^ilt^> > MS 

# Mtir * f a >- 330f:i »gS L , 7 * — -r y 7* 11 0 £ — {Z 7 * — * * ? is 
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a ysootBrtL, %% m s co n - k *s J: *t t- m ^ r , ^^litffil^s 

>330S:««] ^ ^ # ^ , t^»*aic»|ISix5 J: 5 ft*tt-C?Slltt 5. K » 
;* -tr * a > (il: 5 o?r^t) 520l^8it5o ISWl-fi^ I? * — # ^ 

^ X , :nS:i00gS{:t'#S o 
[0219] 

■c , p< o^o^iff^i^ Bjir*fe§ 0 et^y Knott, m tl a 

iiRfc^ti: ^ & H IS jft ( 0ij x. IS\ & _h *3 «fc Xf 5& T ^ IE H ) t5. r 0) m ^ 

m mmm \c ** ^ -c i* , *««srttas«^±*»<oT«^e>»<?i«<^, ^m«^ 

5^CS»«:S(Jt:i:i:J:^ * tc fi & a *t * ^ * y zf 11 0{c A »t T 7 * - 
# * I t ^ 5 £ ^Ct^^^gii^^lgJilcI^tiSC i: * S « «f *: * -fk * * 

5 r 1 «t 9 . % e «= k & as <* s 0 » * l ^ ^ % m m *j v> -t , w *. , 
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calculate parameters for the dna separation device 
Copyright 1996 Curagen Corporation 



#include <stdlibJi> 

#defineABS(x) ((x)>0?(x):(-(x))) 

#definePI 3.141592653589793 /* why not? */ 
tfdefmeEBREAK Le4 /* breakdown field for water */ 

tfdefineMINLOG -6. 
#defmeMAXLOG 1. 

/* erfc by polynomial approximation */ 
#defmeAl 0.2548296 
#defineA2 -0.28449674 
#defineA3 1.4214137 
#defineA4 -1.453152 
#defmeA5 1.0614054 
tfdefineQP 0.3275911 
#define 

ERFC(x)( ((((A5*(17(l .+QP*x))+A4)*(l J(l .+QP*x))+A3)*\ 
(1 ./(l .+QP*x))+A2)*(l 7(1 r +QP*x))+Al )*(1 J(l .+Qp*x))*exp(-x*x)) 
double RJL; /* R is the small spacing, L is the well spacing*/ 
double alphafh(double d, double t) 

{ 

double alpha,x; 
x = R sqrt(4. * d * t); 
alpha 0.5 * ERFC(x); 
retum(alpha); 

} 

mainO 
{ 

double n,dn; /* n and delta n */ 

int nstrand; /* 1 for ssDNA, 2 for dsDNA •/ 



^include 
^include 
^include 



<math.h> 
<stdio.h> 
<string.h> 
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double d,dl; /* difiusivity for length n and (n + dn) */ 
double logt,t,aIpha,alphal,dadn,dndasq,cycles,time; 
double tbest, trmebest,t_on,vO; 
int ntmp; 
double dtmp; 

charline[100]; 

char *datafi!e = "data"; 
FILE *fp; 

R=L; 
L - 10.; 

printf("Enter R (smaller spacing) and L (larger spacing) in microns: "); 

fgets(line,sizeojf(lme),stdin); 

sscanfOme, ,, %lf%ir,&R,^fc 

R *= 1 .e-4; /* convert to cm*/ 
L*-l.e-4; 

printf ("Device size: R - %lf microns, L «= %lf microns\n" 
R*l.e4,L*l.e4); 

/* 

the breakdown field of water is le4 V/cm 

choose VO so 2VO/r - le4 V/cm 

*/ 

vO + R * EBREAK / 2.; 
/* 

use a maximum overpotential of 2VO = 1 V to avoid electrolysis 
8/ 

if(vO >0:5) { vO^0.5; 

printfCVJD = %lf V, generating maximum field of %lf V/cm\n", 
vO,2 *vO/R); 

printf(' , N = the length of the sequenced" 
"Delta N = the resolution (I for sequencing)^) 

while (1) { 

printfCEnter N and Delta N: "); 
fgets(line,sizeof(Iine),stdin); 
sscanfl[line,"%If %If,&n,&dn); 
if(n<l) {break;} 

printf("Enter 1 for ssDNA or 2 for dsDNA: "); fgets(Iine,sizeof(line),stdin); 

sscanf (line, ,, %d t ',&nstrand); 

if ((nstrand!=l)&4&(nstrand!=2)) { break; } 

fp « fopen(datafile,"W n ) ; 

/* determine the diffusion constants for n and n+1 units are cm-2/sec 

t-on is the relaxation time for a 200 V potential 

*/ 

if (nstrand = 1) { 

t_on (L-R)*(L-R)*2.24e-4/(R*pow((double) n,0.4 1 )); 
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t on *= Le4; /* convert from cm to microns */ 

r 

else { 

t_on (L-R)*(L-R)* 1 • 1 2e-4/R; 

t on 1 .e4; /* convert from cm to microns */ 

printf("t-on + %lf s\n",t_on); 

if (nstrand = 1) { 

d = 1.14e-6 * pow(n, -0.59); 

dl = L14e-6 * pow(n+dn, -0.59); 

} 

else { 

d= 1.14e-6/n; 

dl = 1.14e-6(n+dn); 

} 

tbest = O.; timebest = I.elOO; 

for (logt = MINLOG; Iogt <= MAXLOG; logt += 0.001) { 

t = pow(10.,logt); 

alpha = alpham(d,t); 

alpha! = alphafh(dl,t); 

dadn » alpha 1 - alpha; 

if (ABS(dadn) < l.e-6) {continue;} 

dndasq = 1 . / (dadn * dadn); 

cycles = alpha * (1 . - alpha) * dndasq; 

time = cycles * (t + t_on); 

fprintfi[fp, ,?0 /olf %If %lf °/olf %lf %1 5. 1 01 l\n", 

t,time/60.,cycles,alpha,dndasq,dadn); 

if (time < timebest) { tbest = t; timebest ■» time;} 

if (time > 10.*timebest) {break;} 

) 

fclose(fp); 
t - tbest; 

alpha = alphafh(d\t); 
alpha 1 = alphafh(dl,t); 
dadn — alphal - alpha; 
dndasq = 1. / (dadn * dadn); 
cycles = alpha * (1 . alpha) dndasq; 
time = cycles * (t+t_on); 

printf(" N %d Delta %d nstrand %d R (urn) %\fh (van) %lf\n , \ 

(int)n,(int)dn^istrand, 1 .e4*RJ.e4*L); 

printfC* t_on %g vO %g\n",t_on,vO); 

printf( ,r \nN « %d +/- %d\n" 

"time (min) %lf\n" 

"length (cm)°/olf\n tt 

M tofl(sec) %lf\n w 

"N_cyc %f \n M 

"alpha %If\n\n", 

(int)n,(int)dn, 

time/60.,alpha*cycles*L,t,cycles,alpha); 

printf("%lf%lAn , M.e4*L,alpha*cycles ,,e L); 

printf("%1f %lf\n , \t+t-on,time/60.); 

for (ntmp = 10; ntmp <= 100; ntmp += 10) { 
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dtmp = 1.14e-6 * pow(ntmp, -0.59); 
printf{"%d %l£\n n ^itmp > alphafii(dtmp,t)); 



} 



printfTEnd of program.Nn"); 
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